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ABSTRACT 


The purpose of this study was to examine the effect of physical 
exertion on mental performance. It was hypothesized that physical 
exertion may be one of many factors that influence the level of arousal 
and hence affect mental performance. 

Specifically 80 subjects were divided into four groups on the 
basis of their extreme scores on the Eysenck Personality Inventory 
which measures personality in terms of extraversion-introversion, and 
neuroticism-stability. Each student was then subjected to varying 
amounts of physical exertion, after which their mental performance 
was measured on the Wechsler digit recall short term memory test, and 
the Brown and Poulton test of attention. 

A 2x 2 x 6 (extraversion x neuroticism x exertion) analysis of 
variance with repeated measures on the last factor was calculated on 
both tests of mental performance. Some significant results were analy- 
sed by the Newman-Keuls procedure. 

Short term memory scores were found to deteriorate significantly 
after 4 and 6 minutes exertion, but remained almost constant with exer- 
tion less than 4 minutes. However, performance on the Brown and Poulton 
test improved significantly after periods of 1/2, 2 and 4 minutes exer- 
tion, and thereafter performance began to deteriorate with increasing 
exertion. These results were consistent with Duffy's view that as arous- 
al increases, performance improves to an optimal level, and thereafter, 


as arousal increases, performance begins to deteriorate. 
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In support of the concept that physical exertion may produce 
arousal, some interaction effects between the personality variables 
were found to be significant. With the same amount of exertion intro- 
verts were found to deteriorate in performance before extraverts, thus 
lending support to Eysenck's theory that introverts are more highly 
aroused than extraverts in a resting state, and reach their optimal 


level earlier with increasing arousal. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 


Introduction 


According to Birch and Veroff (1966), human behaviour may be anal- 
ysed by means of the following dimensions: (i) direction, (ii) inten- 
sity and (iii) persistence. For many years previously Duffy (1934, 
1962) had argued that variations in behaviour may be described as vari- 
ations in direction or intensity of behaviour. Since an organism may 
approach or withdraw from a stimulus, and this approach or withdrawal 
may take place with varying degrees of intensity, and for varying per- 
iods of time, Duffy argued that there are many situations from which 
a person may approach or withdraw, and this characteristic may be des- 
ignated as the direction of behaviour. Similarly, since there are 
varying degrees of approach or withdrawal occurring over different per- 
iods of time, these aspects may be called intensity and persistence of 
behaviour. For example, approach or withdrawal may occur at a low de- 
gree of intensity or a high degree of intensity or at an intermediate 
degree of intensity. According to Duffy the intensity of response is 
measurable in terms of the force of overt action or in changes in the 
internal processes associated with the release of energy. Duffy con- 
tends that a concept of intensity based upon the measurement of inter- 
nal processes is a much more useful construct than one based on the 
force of overt response. Such a concept is called the level of arousal 
although over the years it has variously been referred to as degree of 


excitation, energy mobilization, drive, emotion or level of activation. 
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This study is concerned with the concept of arousal and the in- 
fluence it may have on one particular facet of behaviour, namely mental 
performance. Arousal, as defined at this point, is considered to be 
a neuropsychological concept, referring on the neural side to the 
state of excitation of the reticular formation of the brain stem, and 
on the psychological side to the common core in such terms as awake- 
ness, alertness, attention, tension and subjective excitement (Fiske 
and Maddi, 1960, p. 135). In defining arousal Hebb (1966) includes 
vigilance to the above terms. 

Although not in complete agreement with each other, many workers 
(Lindsley 1951; Hebb 1955; Malmo 1959; Berlyne 1960; Duffy 1962, 1968) 
appear to have summarized the concept of arousal and its influence upon 
behaviour. In general there is agreement that arousal is a continuum 
ranging from low to high, with the optimum degree of arousal for a 
particular type of behaviour being of moderate intensity. That is, the 
curve which expresses the relationship between the quality of behaviour 
and arousal is in the form of an inverted U, i.e. performance improves 
with increased arousal but deteriorates with further increase beyond 
the optimal level. As Lindsley (1951) states, from low arousal up to 
a point that is optimal for a given function, level of performance 
rises monotonically with increasing arousal level, but beyond this 
point produces a fall in performance level, this fall being directly 
related to the amount of increase in level of arousal. (The above 
statements are purely a restatement of part of the original Yerkes- 
Dodson (1908) principle which suggested a curvilinear relationship 


between motivation and performance. ) 
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However, there is less agreement amongst the writers mentioned 
as to the stimulus conditions that produce arousal and their influence 
upon specific aspects of behaviour. Various authors attempt to dis- 
tinguish between the stimulus conditions by using terms such as, "Fear 
Arousal" (Janis, 1967), "Anxiety Arousal" (Janis and Feshback, 1954), 
"Emotional Arousal" (Oxendine, 1970), "Shock Arousal" (Marteniuk, 1969), 
"Noise Arousal" (McBain, 1961) and "Heat Arousal" (Provins, 1972). 

Some writers, (Lindsley 1951; Duffy 1962; Gutin 1970; Stockfelt 1968) 
have suggested that one such stimulus condition that produces arousal 
is physical exertion. This research is to be concerned with, "exertion 
arousal", and its influence upon one form of behaviour, i.e. the in- 
fluence of physical exertion upon mental performance. 

Physical education, by its very nature is concerned with physical 
exertion, so that if the stimulus of physical exertion may be shown to 
alter the level of arousal which may influence mental performance, then 
physical educators should be cognizant of this relationship. Many 
writers, (Fitts 1961; Bruner 1961; Crossman 1964; Welford 1968) have 
emphasized the cognitive and perceptual aspects of skill learning and 
performance; for example, Fitts states that skills need to be intel lect- 
ualized or conceptualized, and that at advanced levels cognitive aspects 
involve strategy, judgement, decision making and planning. Also he 
suggests that the perceptual aspects of skill learning include learning 
what to look for, how to identify important cues, and how to make criti- 
cal discriminations. If physical exertion may be shown to influence 
the level of arousal, then this study may contribute to improved human 


performance by improving the cognitive and perceptual aspects which 
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accompany movement. 


The Problem 


The present problem arose from the persistent observation that 
many athletes (middle and long distance runners, footballers, bike- 
riders) appeared to make wrong decisions at a crucial stage in their 
performance, which eventually lowered the standard of their performance. 
After the event the athlete was aware of his wrong decision, but appar- 
ently felt powerless at the time to make the correct decision. It was 
thought that perhaps the athlete in a state of oxygen debt may have a 
condition of cerebral hypoxia, which could interfere with the decision 
making mechanism. A thorough search of the literature failed to find 
evidence to substantiate this possibility. Hence a series of pilot 
studies were begun in order to investigate this problem. 

These pilot studies attempted to simulate the conditions of the 
athlete in the laboratory by giving various subjects a controlled amount 
of physical exertion, and by measuring their performance on a mental 
task before and after exertion. The results of these preliminary stud- 
ies (Davey 1968, 1972a, 1972b) indicated that physical exertion may in- 
fluence the level of arousal and the present study was initiated in 
order to investigate the problem further. 

The purposes of the study are: 

(a) To investigate the concept of arousal as it relates to and is pro- 
duced by physical exertion. 


(b) To discover the influence of arousal (produced by physical exertion) 


tary nottévisedo inodet rae. Sik, mort s2qrs me! dor sah iT ee - 
othe evo t is oot , sesriney sonsterh poet dae efabtim) & : “yas 

/ <u a 

stent nt Spase Yatowo 6 76 ne fefioab phovw ssh o} ual wine: 
SON TTOTI SE “tans to bysbreze snd wetinial Ul tekonavs dotiw ahh 
Yeqgs 3d | HOF 936 paotw eit to SYBWs 2zew statics adr bibs oi 
sew'41 Not Stbeb Yoanson att ofem of ont? oat te 2e0T-owng 1104 @ 
6 avn Yom Sdob nSgyxd siste 6 mt gtatits ond vadag $09 | 
aghe ‘8b anys aFtw syvetistat biyoo siotati atrogat jedoyeo Yo ctstb 

bittt oF baltaY swtansarl st To ngteae ‘quero s pe 
Joliq to 28tse2°s Soft qerhieemaiag ets ates oF 99n8 ne ; 
seston 2tid oSephtesvat of ebro At abe’ 2 
aft’ to snalatbnes ons atatonite od batqmetis ‘pMebudte evan 
tnvoms bel loxtnod. 5 ajosidue euottav envied Vioterods | wer sa 
isda 6 0 gonemidiseg yhslg ont yasenr i brie fotivaxa Teatewiq + 
=bind 2 weateites sesilt to whises aT not Fr9K9 “S36 tne evchad Ai : 
er a Vein. oF P4axe foatayq ten betsotbnt,. (asver “pssver, B80 
nt batetsiat 26ew ybute sane oft bas Teeuovs Yo Tsvef begets 
“nami meftlog silt adwohdzevat a’ - 
i978 haved sit 10, eseaqyug cae ; * 


“019, 2) bis of asgeisn at 26 ® Teewans e cag odeytd abun or a 
ars ae 


ae. 


i. 


upon mental performance. 

(c) To determine whether the psychological traits of extravers ion- 
introversion, neuroticism-stability affect the optimal level of 
arousal produced by physical exertion. 

(d) To test the following hypotheses: 

(i) that physical exertion influences mental performance, 

(ii) that varying amounts of physical exertion differentially 
influences mental performance, and 

(iii) that the psychological traits of extraversion-introversion 
and/or neuroticism-stability influence the level of arousal 


produced by physical exertion. 


Importance of the Study 


Although many studies have been conducted to examine the effect of 
physical exertion upon mental performance, conflicting research has 
been published and some clarification is needed. For example, Freeman 
(1933) after surveying the literature to date, stated that, “muscular 
exertion may, 

(i) increase mental performance 
(ii) have no effect upon it, or 


(iii) be actually inhibitary." 


A number of factors appear to contribute to the many discrepancies 
that have arisen. Firstly the problem has been attacked from two dif- 
ferent directions. Whereas the early workers (Loeb 1888; Lehmann 1900) 


were concerned with observing the influence of mental performance upon 
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muscular tension (later to be called arousal), later workers (Bills 
1927; Courts 1939) were concerned with increasing muscular exertion 
and observing its effect upon mental performance. 

A second explanation for the variation between the findings may 
be the various methods that have been used to measure muscular exer- 
tion. Most of the early researchers used crude but rather elaborate 
mechanical systems of measurement, whereas later workers were able to 
use electrical systems which were far more sensitive. 

A further complication has arisen in the measurement of what has 
been termed mental performance. The most common form of mental perfor- 
mance used has been serial rote learning tasks involving nonsense syl- 
lables, paired associates, etc., as well as many non-verbal tasks in- 
cluding multiplication or addition of digits. Verbal reasoning, syl- 
logistic reasoning, detectograms and the solving of arithmetical prob- 
lems have also been used. To add to the confusion, there has also 
been controversy as to whether mental performance was better measured 
by the quality or the quantity of the work done. 

Hence, in examining the various methods used up until the middle 
sixties, the studies which dealt with the relationship between muscular 
exertion and mental performance have been found to be correlated posi- 
tively, negatively or not at all with each other. 

However, two researchers in physical education have renewed earlier 
efforts in an attempt to understand this important relationship. Gutin 
(1966, 1968a, 1968b, 1970) with some encouraging results expressed the 
opinion that the effect of physical exertion on learning skilled tasks 


required further investigation. Stockfelt (1968) was optimistic of his 
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findings on research with exertion, arousal and performance, but em- 
phasized that it was only, "a beginning of the beginning, but results 
so far should encourage us to continue". 

Welford (1965) suggested that, "as the concept of arousal has 
such widespread implications and research has reached the stage where 
practical applications are beginning, it is clear that it is worthwhile 
to try to find out more". 

Also, Oxendine (1970) has stated that, “understanding the optimal 
level of arousal for each activity is only part of the information 
needed to make effective its use in motor skills. Also needed is the 
ability to alter the level of arousal of a particular individual at a 
particular time. Such a topic is appropriate for a major investigation". 

There has recently been a number of writers who have suggested 
that individuals differ characteristically both in their resting level 
of arousal and in the change in arousal produced by stress, and that 
these parameters are related to the personality traits of extraversion- 
introversion and neuroticism-stability. (Welford 1965; Eysenck 1967; 
Kane 1972). Therefore, this study will attempt to discover whether 
such personality traits can be related to arousal produced by physical 
exertion. 

Finally it is hoped that this research may in part answer some of 
the queries raised by Walters (1966) in a symposium on motor learning 
when he stated that, "it would appear that the wise teacher or coach 


should be aware of the part arousal plays in optimal performance." 
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Delimitations 


(a) The sampling of subjects will be limited to male and female stu- 
dents in the 19-21 age range in the physical education course at 
the University of Melbourne. 

(b) Also the study is limited by the adequacy of the various tests 


to measure the required criterion. 


Definition of Terms 


For the purpose of this investigation the following operational 
definitions will be used: 

(a) Physical exertion is the amount of work done by the act of pedal- 
ling a constant torque bicycle ergometer at a uniform rate. Work 
done is measured in foot pounds. 

(b) Mental performance is an individual's total score on the Brown 
and Poulton (1961) test. This test measures the ability to iden- 
tify a given series of numbers from a continuing series and relies 
heavily on the short term memory. 

(c) Extraverts are those subjects scoring on the most extreme end of 
the extravert dimension on the Eysenck Personality Inventory (E.P.I.). 

(d) Introverts are those subjects scoring on the most extreme end of 
the introvert dimension of the E.P.I. 

(e) Neurotic subjects are those who score most highly on the neuroti- 
cism dimension of the E.P.I. 

(f) Stable subjects are those who score the least on the neuroticism 


dimension of the E.P.I. 
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CHAPTER II 
REVIEW OF THE LITERATURE 


This chapter will first discuss the various theories of arousal 
and will be followed by an analysis of the findings of research on 
arousal and performance. The literature pertaining to the influence 
of personality on arousal, and hence performance will also be examined 
and a summary will be given after each section. 

For the sake of consistency, the term arousal will be used through- 
out although some authors prefer the term activation. However many 


writers (Welford, 1968, Hebb, 1955) feel the terms are interchangeable. 


I. Theories Concerning Arousal and Performance 


Behavioural Approach 
As stated previously, Duffy (1932, 1941, 1957, 1962) has developed 


the concept of arousal over many years, although she admits that the 
historical roots of the concept came from Cannon's (1929) idea of energy 
mobilization during emotion. However unlike Cannon, she restricted the 
use of the term to describe the intensity aspect of behaviour. 

Duffy (1957) felt the need for this concept because of the fact that 
an individual - the organism as a whole - is sometimes excited, sometimes 
relaxed, and sometimes in a variety of intermediate conditions. Also she 
acknowledged that the various systems of the organism are not equally 
activated at a given moment, but that the organism, as a whole, shows 
higher or lower degrees of excitation, and not just a particular system 


within the organism e.g. the skeletal muscles. 
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Objections raised to her concept of general arousal are answered 


as follows: 


(a) 


(c) 


the first objection was that the concept of general arousal 
referred to something non-physiological over and above the 
totality of the activation of various parts of the organism. 

She replied to this criticism by saying that the term did not 
refer to psychic energy or any mysterious excitation of the 
tissues, but that arousal may be defined in terms of such 
excitation as measured by the various indices, such as heart 
rate, skin resistance, muscular tension etc. (In later 

writings Duffy (1962) adds to this list the measurement of 

the electroencephalograph, E.E.G.) 

a second objection correctly stated that it was not clear how 
this general arousal should be measured and Duffy agreed with 
this. But, she stated that although we have yet to discover 

the best technique for measuring arousal, nevertheless, many 
researchers had found, "a general response pattern" consisting 
of increased muscular tension, increased sweat gland activity, 
increased heart rate and increased respiration rate and ampli- 
tude. These responses she claimed, were said to behave with 
reasonable consistency from subject to subject under experi- 
mental conditions. 

a third objection was raised that because of the low intercorre- 
lations of physiological measures, this suggested a less integrated 
functioning of the organism than the data of either physiology or 


everyday observation would make plausible. However, Duffy insisted 


of 
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that the low correlations still existed and accounted for them 

as follows: 

(i) Various physiological functions may reach a peak whilst 

another is just beginning to be activated. 

(ii) Duffy (1962) quoted Lacey (1956) who stated that in nearly 

half the population at least, excitation may, in constant 
fashion, be shown most markedly in one system by one indi- 
vidual, and in another system by another individual. 
Although this made the measurement of arousal more diffi- 
cult, it did not negate the conception of an aroused 
individual, rather than merely an activated system within 
the individual. 

(iii) Whilst intercorrelations of physiological measures were 
generally low, intracorrelations of measures within the 
same individual were considerably higher. This, she stated, 
was what a concept of general arousal required. 

The chief point which Duffy (1962) made with regard to arousal was 
that it occurs on a continuum from a low point during sleep, to a high 
point during extreme effort as excitement with no visible distinguishing 
breaks. The stimuli which she stated produce variations in the degree 
of arousal ranged from emotion, hormones, drugs, physical exertion to 
the degree of motivation. 

In general, Duffy stated that the optimal degree of arousal appeared 
to be a moderate one, with the curve which expressed the relationship be- 
tween arousal and performance having the form of an inverted U. However 


she felt that the effect of any given degree of arousal upon performance 
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appeared to vary with a number of factors including the nature of the 
task to be performed and certain characteristics of the individual 
(e.g. the ability to inhibit and co-ordinate responses). She also 
hypothesised that differences in the degree of arousal (some people 
were more responsive to arousal than others) in different individuals 
may have a genetic or an environmental basis or both. 

Although Duffy suggested the possibility of a relationship between 
personality variables and arousal, she looked to others to further inves- 
tigate the problem. Not at any stage did she offer an explanation of 


the causal relationship between arousal and performance. 


Neurophysiological Approach 


On the basis of many new developments in neurophysiology (e.g. 
Jasper 1941, Moruzzi and Magoun 1949) Lindsley (1951) adopted a neuro- 
physiological approach to arousal theory. 

Jasper (1941) discovered distinctive E.E.G. wave patterns charac- 
terizing the main levels of behaviour from deep sleep to highly alerted 
states of activity; e.g. in deep sleep large low frequency waves predo- 
minate, whereas in relaxed wakefulness the frequencies are not as low 
as in deep sleep, but there are more low frequency waves than in the 
wakeful states. In relaxed wakefulness there is a predominance of waves 
in the alpha (8-12 c.p.s.) range that gives way to beta frequencies 
(18-30 c.p.s.) when the person is moderately alert. Under conditions 
of heightened alertness there is a change from a regular synchronized 
appearance of the tracing to an irregular desynchronized tracing of 


reduced amplitude. For Lindsley the appearance of desynchronization 
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on the E.E.G. tracing was what he called the “arousal pattern" although 
he could offer no explanation as to the neural mechanisms involved. 

With the discovery of the ascending reticular activating system 
(A.R.A.S.) by Moruzzi and Magoun (1949) there was a rapid and very sig- 
nificant advance in theory and experimentation. For example, Lindsley 
(1957) felt the two most important findings were: 

(a) lesions in the A.R.A.S. abolished arousal of the E.E£.G. and 
produced a behavioural picture of lethargy and somnolence, and, 

(b) the arousal pattern in the E.E.G. was reproduced by electrical 
stimulation of the A.R.A.S. 

In his earlier work, Lindsley (1951) appeared to limit his concept 
of arousal to emotional arousal and showed the effect on the E.E.G. pat- 
tern of unexpected sensory stimulation in apprehension and anxiety. 
However, although he did not refer to the inverted U theory with regard 
to performance and arousal level, he realized that under mild emotion - 
the so called pleasant and relaxed states - the E.E.G. pattern, and 
hence arousal level, was less disrupted. He felt that arousal theory 
could only account for the extreme states of emotional response (e.g. 
maximum excitement, relaxation and sleep), but it left the intermediate 


and mixed states relatively unexplained. 


Drive Approach 


A third approach to arousal theory has been made by the learning 
theorists, especially those of the Hull school, e.g. Hebb (1955). 
Before considering Hebb's theory it is necessary to make clear his 


meaning of the words, "motivation" and "drive". He suggested that 
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motivation referred in a general sense to the energizing of behaviour, 
and especially to the sources of energy in a particular set of responses 
that keep them temporarily dominant over others that account for continu- 
ity and direction of behaviour. Drive, he regarded as a more specific 
conception about the way in which this occurred; a hypothesis of moti- 
vation, which makes the energy a function of a special process distinct 
from those S-R or cognitive functions that are energized. In some con- 
texts however, Hebb maintained that motivation and drive are interchange- 
able. 

Hebb stated that the arousal system can be thought of as represent- 
ing a second major pathway by which all sensory excitation reached the 
cortex, but there was also feedback from the cortex. He felt that in 
general terms it was possible to distinguish two quite different effects 
of a sensory event. One was the cue function, guiding behaviour; the 
other less obvious but no less important was the arousal or vigilance 
function. Without a foundation of arousal he stated that the cue func- 
tion could not exist. 

Hebb proposed that in this sense arousal was synonymous with a 
general drive state, and his conception of drive therefore assumed ana- 
tomical and physiological identity. He saw drive as an energizer, not 
a guide. Also he stated that since learning was dependent upon drive, 
then, in general terms, if there were no arousal there would be no learn- 
ing. He continued by saying that efficient learning was only possible 
in the waking, alert, responsive person in which the level of arousal 


was high. 


Physiologically he assumed that cortical synaptic function was 
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facilitated by diffuse bombardment of the arousal system. When this 
bombardment was at a low level, an increase tended to strengthen or 
maintain the current cortical activity; however, when this bombardment 
was at a high level, an increase tended to lower the current cortical 
activity. For example, as the level of arousal increased so the level 
of cortical activity increased also; however, when arousal was at a high 
level the greater bombardment interfered with the delicate adjustments 
involved in cue function, perhaps by facilitating irrelevant responses. 
In Hebb's own words, "a high D (drive) arouses conflicting sips, 
Consistent with the inverted U proposal he agreed that there would 
be an optimal level of arousal for effective behaviour. Nevertheless 
he postulated that the same stimulation in a mild degree may attract, 
(by prolonging the pattern of response that led to the stimulation) and 
in a strong degree may repel, (by disrupting the pattern and facilitating 
conflicting or alternative responses). 
An important point that Hebb makes in conclusion was that emotion 
was not synonymous with arousal, but that emotion did affect the level 
of arousal, particularly at the higher levels. In later writings Hebb 
(1966) appears to suggest that arousal is synonymous with his previously 


held ideas of a general drive state, and reserves the term drive for a 


specific need that is lacking, e.g. hunger, thirst, etc. 


Neuropsychological Approach 


In combining the previous three theories into one single dimension 
called the neuropsychological approach, Malmo (1959) suggested that they 


appear to lead to the same fundamental concept of arousal. He could not 
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offer a definition acceptable to each theorist, but contended that des- 
pite minor differences there was a large measure of agreement on the 
major characteristics of arousal. For example, all agreed with the 
following paradigm. 

Arousal level: Low Moderate High 

Expected performance level: Low Optimal Low 

Malmo stressed that the measure denoted by “moderate arousal level", 
has a meaning only in relative, not absolute terms. That is the level 
is moderate only because it is higher than that of the low arousal con- 
dition, and lower than the level of the high arousal condition. 

Summarizing the position he stated that, "the neuropsychological 
dimension of arousal may be described by the continuum extending from 
deep sleep at the low arousal end, to "excited" states at the high arou- 
sal end, and that this is a function of cortical bombardment by the 
A.R.A.S., such that the greater the bombardment the higher the arousal. 
The shape of the curve relating level of performance to level of arousal 
was that of an inverted U; from low arousal up to a point that is optimal 
for a given performance or function, level of performance rises monoto- 
nically with increasing arousal level; but past this optimal point the 
relation becomes non-monotonic; further increase in arousal beyond this 
point produced a fall in performance level, this fall being directly 
related to the amount of increase in the level of arousal." 

Furthermore he listed the following characteristics of arousal: 
(a) it has no steering function in behaviour; 
(b) it is considerably broader than emotion; 


(c) it is not a state that can be inferred from a knowledge of 
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antecedent conditions alone, because it is the product of 

an interaction between internal conditions and external cues; 
(d) it does not fit very well into the S-R formula as it is a 

phenomenon of slow changes of drifts in level with a time 
order of minutes or even hours; 
(e) it is a quantifiable dimension with the evidence indicating 

that physiological measures show a sufficiently high intra- 

individual concordance for quantifying this dimension. 

Malmo's final suggestion was that arousal was mediated chiefly 
through A.R.A.S. which seemed to be responsible for the intensity system. 
He hoped that eventually neurophysiological research could achieve a more 
precise measurement of arousal as the concept has such important implica- 


tions for behavioural scientists. 


Reticular Formation 

Most recent writers on the topic of behavioural arousal acknowledge 
its connection with the brain stem reticular formation. For example, 
Welford (1968) stated, 'the reticular formation is intimately concerned 
with arousal', whilst Cofer and Appley (1964) attributed the appeal of 
arousal theory to recent physiological discoveries with the reticular 
activating system. | 

In view of this relationship it is necessary to discuss briefly 
the reticular formation and its influence on behaviour. The reticular 
formation or reticular activating system are those areas at the base 
of the brain stem which are made up of a diffuse aggregation of cells 


of different types and sizes. It is believed to be essential for 
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cortical activities such as initiating and maintaining wakefulness - 
hence it is called the activating system. (Ruch and Paton 1965), 

French (1957) stated that the reticular formation underlies our 
awareness of the world and our ability to think, to learn and to act. 
The actual seat of the power to think, to perceive, and to respond to 
any stimulus with anything more than a reflex action lies in the cor- 
tex of the brain, but according to French, stimulation of the cortex 
alone is not sufficient to awaken the brain. This,he stated,can only 
be done by the reticular formation, and he quoted Moruzzi and Magoun's 
(1949) experiments as evidence. 

French explained that sensory signals from all parts of the body 
go to the cortex by direct pathways, but on the way to the brain stem 
they also feed into the reticular formation. When the reticular forma- 
tion is so stimulated it sends arousing signals to the cortex which can 
then interpret the signals it is receiving directly. 

Samuels (1959) showed that the reticular formation may be divided 
into two functional systems - the brain stem reticular formation and the 
diffusely projecting thalamic nuclei. Both these systems when activated 
induce a desynchronization of resting alpha rhythms throughout the cor- 
tex and this arousal response is generally correlated with a behavioural 
alertness of the organism. (Jasper 1949, Magoun 1954) 

Samuels quoted many sources (e.g. Arduini and Moruzzi 1953; Bremer 
1954; French et. al. 1952, 1953) which had established that all sensory 
modalities, both interoceptive and exteroceptive give off collaterals 
to both the brain stem and thalamic reticular systems. Hence visual, 


audiotry, olefactory, tactile, pain, proprioceptive and visceral stimuli 
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are all capable of activating both components of the reticular formation. 

Samuels warned that although there were similarities between both 
reticular systems this should not obscure the differentiations which 
also existed. For example, he stated that one of the most striking 
differences concerned the arousal response itself, and quoted how Sharples 
and Jasper (1955) had distinguished between the two types of activation 
patterns. The first of these, sometimes called a 'tonic' reaction, re- 
ferred to the brain stem reticular system, whereas the second, called a 
"phasic' pattern, was a function of the thalamic system. 

Eysenck (1967) drew attention to two most important connections 
within the brain, the first, the cortico-reticular loop and the second, 
the visceral brain and the reticular formation. Impulses which pass 
through the reticular formation send arousal messages to the cortex, 
which in turn instructs the reticular formation to continue sending 
arousal messages or switch to inhibition. This loop which is concerned 
with information processing, with cortical arousal and inhibition, is 
what Eysenck suggests as being responsible for the personality differences 
of extraversion-introversion. (These are discussed more fully in a later 
section). 

The second loop concerning the visceral brain (hypothalamus, hippo- 
campus etc. MacLean, 1958, 1960) and reticular formation has arousing 
effects on the cortex also, but this is produced by emotion. This loop 
concerned with emotion is what Eysenck feels is responsible for the per- 
sonality differences of neuroticism-stability (also discussed later). 


Hence Eysenck maintains that cortical arousal can be produced by 


two distinct and separate pathways, one direct from the reticular 
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formation without involving the visceral brain, the second involving the 
visceral brain, particularly the hypothalamus which Morgan (1965) stated 
was, ‘the seat of the emotions'. Cortical arousal produced by emotions 
and subsequent activity in the visceral brain and reticular formation, 
is referred to by Eysenck as autonomic activation, and he reserves the 
term arousal to that produced by the reticular formation alone. 

One further point of importance in view of the present study, is the 
fact that the secretion and circulation of the hormone epinephrine has 
been shown to have an effect upon the reticular formation. 

Bonvallet et. al. (1954), Rothballer (1956), have said that the 
reticular formation is epinephrine-sensitive, whilst Jasper (1958) and 
Dell (1957) have both demonstrated that the cells in the reticular for- 
mation are sensitive to epinephrine and therefore this hormone may, in 


part, account for an arousing influence on the cortex (Jasper 1960). 


Summary 
Whilst Duffy may be credited with the development of the concept 


of arousal to describe the intensity aspect of behaviour she did not 
offer any explanation of a causal relationship between arousal and per- 
formance. Her main point with regard to arousal was that it occurred in 
a continuum from a low point during sleep to a high point during extreme 
excitement. Of interest in the present investigation is the fact that 
Duffy included physical exertion as one of the stimuli that may produce 
a variation in the level of arousal. 

Lindsley using recent discoveries in neurophysiology stated that an 


arousal pattern was discernible on an E.E.G. tracing. For him, the 
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appearance of the desynchronization of the alpha rhythm was related to 
high arousal states, which he limited in his early work to a state of 
emotional arousal. 

Hebb previously used the term drive which he saw as an energizer 
of behaviour but not a guide. He postulated the inverted U principle 
suggesting that there was an optimal level of drive for effective be- 
haviour. However, in later writings he equates the term drive with 
arousal. In contrast to Lindsley, he felt that emotion was not synony- 
mous with arousal although he admitted emotion may affect the level of 
arousal. 

Malmo combined each of the three previous theories into one suggest- 
ing they appear to lead to the same fundamental concept of arousal, i.e. 
a moderate level of arousal is required for optimal performance level. 
He stated that arousal was a function of cortical bombardment by the 
reticular formation of the brain stem. 

French demonstrated the connection of the reticular formation with 
the cerebral cortex whilst Samuels showed how the reticular formation 
may be divided into two functional systems, i.e. the brain stem reticular 
formation and the diffusely projective thalamic nuclei. It was with 
these two systems that Eysenck suggested was responsible for the perso- 
nality differences of extraversion and neuroticism. 

Finally, Jasper et. al. showed that the reticular formation was 
particularly sensitive to the hormone epinephrine and therefore its 


secretion may have an arousing influence on the cortex. 
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Il. Literature Pertaining to the Relationship of 
Physical Exertion and Performance 


During the latter part of last century and the early part of this 
century, research that was conducted into the relationship between mus- 
cular exertion and mental performance showed that mental activity either 
increased or reduced muscular tension. On the one side Loeb (1886), 
MacDougal (1896) and Lehmann (1900) concluded that mental effort re- 
duced muscular tension, whilst on the other side Lombard (1887), Fere 
(1889), Mosso (1894) and Golla (1921) showed that muscular tension in- 
creased during mental effort. 

Beginning with Bills (1927), the problem was attacked from the 
opposite direction, namely, tension was induced by various forms of 
muscular exertion and its effect on mental performance was measured. 
However, even with this new approach, results were often contradictory. 

For example, Bills (1927) found that muscular exertion induced 
by means of a hand dynamometer improved performance on various mental 
tasks, such as learning paired associates or adding digits. Freeman 
(1933), Stauffacher (1937), Brown (1937), Meyer and Noble (1958), 
Andreassi (1965), and many others, also found evidence for facilitation 
of mental performance using either the same or similar types of exertion 
and mental performance as Bills. 

On the other hand, Duffy (1932), Block (1936), Shore (1958), Sidowski 
and Eason (1960) and others, found inhibition of mental performance using 
the same or similar methods to the researchers previously mentioned. At 
least one pair of workers, Zartman and Cason (1934), found neither facili- 


tation nor inhibition of mental performance after exertion. 
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Corcoran (1965) has drawn attention to the difficulties associated 
with the postulated inverted U relationship between arousal and perfor- 
mance and his explanation may help explain the seemingly divergent 


results achieved by the above authors. 


Performance ——> 


x, x, Xs X, 


Arousal ——> 


Figure 1: Corcoran's Inverted U 


For example, in the above diagram if a person increased in arousal 
from xy to Xo» performance could be shown to be facilitated, i.e. Y, to 
Yo3 if arousal increased from x, to X3 performance would remain the same 
ive: Yy to Y33 if arousal increased from x, to Xa performance would be 
inhibited i.e. Y, to Yq. Or, as Welford (1968 p. 264) explained, "stu- 
dies which show only a rise or only a fall of performance with increasing 
arousal, may perhaps be regarded as having explored only one part of the 
whole range." 

A typical experiment which explored the, "whole range", was conduc- 
ted by Wood and Hokanson (1965). They utilized the essential features 


of Stauffacher's (1937) experiments of inducing muscular tension by 
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having the subjects lift weights off the floor (over a series of pulleys) 
and support them with a minimum of distraction. After determining the 
subject's maximum strength it was then possible to induce tension at 0, 
1/4, 1/2, 3/4 of the maximum, whilst the subject performed a digit sym- 
bol substitution task. In addition, heart rate was monitored throughout 
the test. 

The specific hypotheses which were tested (derived primarily from 
Malmo's (1959) inverted U function model) were, "that performance on 
a simple learning task would be facilitated with increasing levels of 
induced tension, up to some maximum point, whereupon it would begin to 
fall off with further increases in tension. Heart rate, on the other 
hand as the criterion of arousal, was predicted to increase in a rela- 
tively linear fashion throughout the range of induced tension". 

The results indicated in the figure following were very similar to 
those obtained by Stauffacher (1937), Courts (1939) and others, showing 
the relationship between induced tension and performance. 

The performance curve which takes the general shape of the inverted 
U closely resembles the curve obtained in many earlier studies and in 
addition, the results were consistent with studies which take account 
of individual differences among subjects. (Burgess and Hokanson 1964, 
Hokanson and Burgess 1964, Lovaas 1960). 

In addition, heart rate, used as the criterion of arousal, was shown 
to be an almost linear function as predicted from Malmo's model. However, 
the authors recognized that caution was necessary in the acceptance of a 
single autonomic measure as an indicant of arousal as Lacey and Lacey 


(1958) had shown that this may be questionable. 
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Figure 2: Wood and Hokanson's Inverted U 


Another typical experiment that explored the, "whole range" of 
induced tension was conducted by Marteniuk (1968). However, an import- 
ant distinction between this and the previous experiment was that motor 
performance was the criterion of performance. Apart from Courts (1942), 
Pinneo (1961) and Freeman (1938, 1940) very few investigators were con- 
cerned with the effect of induced tension on motor performance, and hence 
Marteniuk set out to test Duffy's theoretical concept that as muscular 
tension increased to an optimum, motor performance would reach a maximum, 
but greater tensions would impair performance. 

In this experiment the subject had to press a specially designed 
reaction lever loaded with an adjustable coil spring, so that the ex- 
perimenter could vary the force required to push the lever. The force 


varied through 0-20 lbs. at 5 1b. intervals. The task was a RT-MT 
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(reaction time, movement time) ball snatch apparatus used by Henry (1951). 
The results of the experiment showed that RT improved progressively 

as tension increased from 0 through 5, 10 and 15 pounds, then reversed 

the trend and deteriorated when the tension was 20 lbs. Statistical 
analysis revealed a significant quadratic component as well as showing 
that the mean RT at 15 pounds of tension was cfg Fr eantTy faster than 
the means at zero and 20 lbs. 

However further analysis disclosed that MT became progressively 
slower as preliminary tension level increased. The conclusions reached 
by Marteniuk from his investigation were: 

(a) facilitation of reaction time through the use of preliminary 
tension, could be accounted for by an arousal theory of motor 
performance. (He also offered a possible causal mechanism by 
suggesting the reticular activating system may be influenced 
by muscular tension. However, he warned of the possibility that 
faster reaction times may be caused by a take-up of muscle slack 
prior to reacting), 

(b) inhibition of movement time was probably caused by an increasing 
shift of attention from the movement phase to the reaction phase 
of the task, at the higher levels of tension. 

Following a series of experiments in which muscular tension was 
varied systematically along with other variables (e.g. anxiety) a new 
approach appeared in the research literature during the 1960's. In- 
stead of exertion taken only in the form of static dynamometer tension 
there appeared forms of dynamic exertion ranging from various exercises 


(e.g. chins, dips, jumps) to pedalling on a bicycle ergometer, or running 


(faery vein vd 'bgeu autevaqce dotehe Fed (Smid Iqemevom «eae 
ylavieeayborq bavonamt TH tett panne snomi heges sit to ati 
bacyover nett ,ebnuod 2! hos Of .2 neues aad heesatont f 7 
festetiet? cdf OS cow notengsant nadw desencl vedab bn | 
pntwore a6 (ow 2c drseannioy sttabeup tisoftingte 6 believer. 2f 
. mbily 183267 er tins is eaw noreted To bined af 36 TA fem | 
| 29008 bis oes! dee 7 
heels amped TM tend beealoehy aleyfane wadiyer vail! a . 
borage enoten!anos sity .beesavon! 49a) fofensd yisnbub ten 26 . e 
| -37eW Heivepitasvat ati mont sutra 
vaenimtferq to seu ans duuornd /oetd notiasey Yo aoiaedt tian? a 
ota to yon? ere ie yd “YO batmuonod ad bio. notanse, - ‘ 
yd meTnordosin he sfurzeng 5 bars oats. si) _ 2earOoTysy 
‘beoneorinr ad vem mad 242 ent tevedoe” neiuptoay Sat enrszagetie 
Fodt EMT HAF220q) aft to barrew' st. eveWOH Loekanes aptuseie yd 
yoste stoeun 74 qu-atst 5 vd be2yeo 9d. ‘yen ‘pomt? “not tpaay verent * ape 
| ¢ (pnttoss4 ot nb m~)} 
-pphebeiant on yé beeuso caedlekd 26w. inh fremayon to noretaritnr ce 
* séstia bib ia sity ‘of sean Seidinsivon AAS TENT rig( ovina oe oie * 
“ nbrenee aatever tanptt oat fe sane ait Yo a 
. bahead ey scale! at eth ee zara 6 ery 


Ae vai b« 7 vss yom : es 


ge tT 


cal 


on a treadmill. In each case the experimenter was interested in some 
form of performance after the exertion. Unfortunately, from the point 
of view of the present study, many of the studies now to be reviewed 
have been confounded by the introduction of the variable of physical 
fitness. 

For example, Gutin (1966) wished to test the hypothesis that an 
increase in physical fitness had a positive effect on the ability of 
individuals to perform complex mental tasks following physical and 
mental stress. 

Gutin divided a randomly selected sample into control and experi- 
mental groups which he subjected to a 45 minute stress period of mode- 
rate intensity followed by four tests of verbal comprehension, visual 
pursuit, verbal reasoning and symbolic reasoning. The stress period 
consisted of the Indiana Motor Fitness Index II (push-ups, chins, 
standing broad jump), 30 step-ups on a 20 inch bench for 1 minute, 25 
minutes of long addition and subtraction, and another one minute bout 
of 30 step-ups. 

The experimental group then underwent a twelve week development 
period during which they pursued a course specifically designed to raise 
their fitness levels. At the end of this period both groups were again 
tested as before. 

Apart from the obvious increase in fitness, the results of the 
between group comparisons indicated that the hypothesis that an increase 
in physical fitness had a positive effect on the ability of subjects to 
perform complex mental tasks following a period of physical and mental 


stress, was rejected. However, within each group there was evidence 
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of a moderate relationship between the degree of fitness improvement 
and mental task ability following stress. 

McAdam and Wang's (1967) study was specifically designed to inves- 
tigate the, "stimulating, exhilarating or physically readying role of 
exercise", for the performance of a simple mental task. For their expe- 
riment they used four treatment groups, one an exercise group, the 
second had classroom instruction, the third rested and listened to music, 
while the fourth group took an immediate retest. 

Prior to entering the treatment phase each group were administered 
a symbol substitution test for 10 minutes, which was repeated after the 
treatment. The exercise consisted of a circulatory promoting run-jog-walk 
designed to work up a mild sweat but not to fatigue. 

The results showed that there were no significant differences in 
performance following the treatments but there was a trend in favour of 
the exercise (and rest) group over the other groups. One interesting 
point in view of the present study, was that the variability of the 
exercise group was larger than the other three groups. 

Following his early interest in this area, Gutin in conjunction 
with Di Gennaro (1968a) conducted a further experiment into the effect 
of one minute and five minute step-ups on performance of simple addi- 
tion. As before, fitness was another variable used as the subjects 
were divided into two groups, conditioned and unconditioned. Condi- 
tioned subjects in this case referred to those students who were 
enrolled in a developmental class in which step-ups had been used as 
a regular activity. 


Each group was assigned to three treatment groups (a) rest, 
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(b) 1 minute step-ups and (c) 5 minute step-ups. All subjects took a 
five minute test of simple addition problems, a task which required 
both concentration and speed. The addition problems were taken before 
and after each treatment. 

The results showed that among the conditioned subjects the five 
minute and the rest group did significantly better than the one minute 
group in speed of addition. There were no other significant differences 
obtained between treatment groups on speed or accuracy. 

Gutin and Di Gennaro felt the results were difficult to explain by 
reference to the hypothesis of an inverted U shaped curve, which they 
felt should have been obtained as the level of activation progressed 
from very low to very high. One possibility they suggested was that 
for subjects accustomed to exercise, 5 minute step-ups were in the mo- 
derate rather than the heavy range of activation. Thus they felt that 
the 5 minute step-up for the conditioned group was a warm-up rather 
than a fatiguing exercise. However, they could offer no explanation 
as to why the 1 minute group should have done the worst of all. 

Another interesting feature of their results was that in plotting 
the accuracy scores of the conditioned and unconditioned subjects, indi- 
cations were that 5 minute step-ups tended to have a slight positive 
effect on the conditioned subjects but a slight negative effect upon the 
unconditioned subjects. Hence they suggested the idea that a specified 
degree of activity may result in different degrees of activation, depen- 
ding upon the fitness of the subjects for the activity involved. 

A sequel to this study was conducted by the same authors (Gutin and 


Di Gennaro, 1968b) when they investigated the effect of treadmill run to 
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exhaustion on performance of long addition. 

With each subject acting as his own control both the experimental 
and control treatments were taken on alternative days. The experimental 
treatment consisted of a run to exhaustion on a treadmill whilst the 
control] treatment had no exertion. The criterion task taken before and 
after each treatment consisted of adding single columns of 10 numbers 
for a period of 4 minutes. 

As before, the data was analysed using fitness as a variable, as 
each subject was divided into a high, medium or low fitness group. 

The results showed that numerical accuracy was hindered when it 
was preceded by heavy muscular exertion whereas numerical speed was 
not affected significantly. An unexpected finding was that the effect 
was not especially poor in the first minute after exercise and led the 
authors to suggest that perhaps exertion had a latent negative effect. 
Another factor which may have masked the results after the first minute 
was the great variability, with the high fitness group actually doing 
better after exertion than the control condition. However the authors 
stressed that the effect of exertion on addition performance was not 
conclusively answered, but their study had suggested that speed of 
addition was not affected by exertion, but accuracy was slightly affec- 
ted. 

Butler's (1968) study was very similar to Gutin's (1966) in that 
he was concerned with the effect of a ten week physical conditioning 
program on mental performance after near maximum physical exertion. 

Both his control and experimental groups took an initial test on 


the mental task of symbol substitution and then both groups were 
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subjected to the conditioning program. Each group was also sub-divided 

into a low, medium and high group from scores obtained on the American 

College Testing Programme. The final test was taken by all subjects 

with the difference that the control group rested before the test, whilst 

the experimental group performed a near maximum physical exertion task 
before taking the test. 

From the data analyzed Butler drew the following conclusions: 

(a) all subjects showed a significant improvement in the simple mental 
task after the ten week period in which they were involved in a 
physical conditioning program, 

(b) the near maximum physical exertion did not have any significant 
affect on the performance of the mental task as performed by the 
three level stratification of low, medium and high group classi- 
fication, and 

(c) the near maximum physical exertion had a stabilizing effect on 
the performance of the simple mental task of symbol substitution. 
Zuercher's (1965) work provides an interesting contrast with the 

studies previously summarized. Whereas the previous researchers had 

used various mental tests after exertion, Zuercher was interested in 

the decrement on vigilance performance after mild exertion. 

For his study Zuercher used three experimental conditions, control, 
verbal stimulation, and mild physical exertion. All subjects were tes- 
ted randomly four times under each condition on an adaptation of Bakan's 
(1955) test of vigilance. 

The results showed that although the verbal condition did not differ 


significantly from the control group, the physical exertion group did 
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differ significantly from the control group, in a favourable direction. 
However, although there was a slight difference between the verbal and 
exertion groups, it was not significant. 

Zuercher concluded that both conversation and mild exercise had 
effects in the expected direction resulting in improvement of perfor- 
mance on the vigilance task after deterioration had occurred. He 
suggested that both conversation and exercise, i.e. both external and 
internal stimulation, can eliminate vigilance decrement in accordance 
with the arousal hypothesis. Zuercher felt his results had practical 
importance for those engaged in monotonous detection tasks. 

Since he felt physical exertion was such an important character- 
istic in sport and many occupations, Stockfelt (1968) set up his re- 
search to test mental performance during varied physiological exertion. 
Again however, he considered fitness as one variable and hence divided 
his subjects into three groups: 

(i) physiologically well trained students, 

(ii) physiologically poorly trained students, and 

(iii) physiologically poorly trained non-students. 
The distinction between students and non students was made on the basis 
of whether the subject was accustomed or unaccustomed to mental work. 
Hence the third group were poorly prepared in both aspects. 

The physical exertion was obtained on a bicycle ergometer adjusted 
so that it was possible to obtain exertion levels of 0, 25, 45, 65 and 
85 per cent of the maximum for an individual. 

The mental task consisted of five series of 40 items of addition 


and subtraction of five digits, with the score being taken as the number 
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of correct answers per series. 

The results showed that, although not significant, there were diffe- 
rences in performance at the varying levels of exertion, with performance 
being maximum at the 45 per cent exertion level, and minimum at the 85 
per cent exertion level. The results followed an inverted U form for all 
groups but there were significant differences for the third group, i.e. 
non students who were physiologically poorly trained. These students 
gave a significantly poorer performance at the 85 per cent level of 
exertion than at the lesser levels of exertion. Although both the other 
groups dropped in performance at the 85 per cent exertion level, it was 
not significant, nor as low as the third group. 

In discussing his results Stockfelt noted the correspondence between 
his data and "Hebbian" theories concerning the relation between arousal 
level and performance capacity. He felt that he had found a method of 
raising arousal levels by physical exertion and suggested, "that further 
research be undertaken so that we may obtain better knowledge, not only 
of the relation between physical strength and capacity for mental perfor- 
mance, but also of the psychological complications involved in physical 


training itself". 


Summary 
Prior to 1927, research concerned with the relationship between 


physical exertion and mental performance showed that mental activity 
either increased or decreased muscular tension. The problem was at- 
tacked from the opposite direction commencing with Bills (1927) and 
research from then on attempted to show the effect of muscular tension 


upon mental performance. Corcoran (1965) attempted to explain the 
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seemingly divergent results by reference to his inverted U diagram, in 
which he suggested that it depended where arousal began and finished in 
an experiment as to whether performance was facilitated or inhibited. 
Those experiments, such as Wood and Hokanson (1965) that did explore 
the whole range of arousal did find facilitation and inhibition in the 
form of an inverted U. 

In the middle 1960's a new series of experiments were conducted 
using a dynamic form of physical exertion and testing the effect of 
this exertion on some form of mental performance. Gutin (1966) for 
example, found that there was a moderate relationship between the 
degree of fitness improvement and mental task ability following physical 
and mental stress. McAdam and Wang (1967) found differences in perfor- 
mance in favour of a group who had been physically exerted. Gutin and 
Di Gennaro (1968b) found that a high fitness group actually did better 
after exertion than in a control (no exertion) condition. Butler (1968) 
claimed that near maximum physical exertion had a stabilizing effect 
on performance of a simple mental task. Zuercher (1965) found that 
mild exercise had a stabilizing effect on performance of a vigilance 
task. Finally Stockfelt (1968) showed that a sub-maximal amount of 
physical exertion improved performance but near maximum exertion inhi- 
bited performance. Taken over the whole range of exertion his results 
fitted the inverted U hypothesis. 

It appears then that there is some evidence that physical exer- 
tion may influence the level of arousal which in turn effects mental 


performance. 
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III. Literature Relating to Extraversion and 


Neuroticism and Performance 


In this section the theoretical background to Eysenck's (1967) 
theory of personality will be discussed, followed by a description 
of the Eysenck Personality Inventory. A brief review of the effect 
of extraversion and neuroticism on performance will then be given. 

Following the earlier work of Pavlov (1934), Jung (1921) and Hull 
(1943), Eysenck (1967) effectively integrated the essential features 
of these three theories of behaviour to suggest that individuals differ 
in personality due to the nature of their nervous activity. However, 
according to Teplov (1964) it was in the first decade of this century 
that Pavlov first conceived the idea that variations in the strength 
of the excitatory and inhibitory functions of the nervous system could 
account for temperamental differences in human personality. 

Eysenck developed two broad personality scales, E (extraversion - 
introversion) and N (neuroticism - stability) which give a behavioural 
description of personality but did not in themselves give any theory 
of causation. However he does link the overt personality character- 
istics with their causal biological source. He believes that behavioural 
characteristics can be explained at the neural level with the extraver- 
sion - introversion scale reflecting the strength of the excitatory and 
inhibitory functions of the central (cortical) nervous system, and the 
neuroticism - stability scale reflecting the lability or excitability 


of the autonomic nervous system. 


Recently Eysenck (1967) proposed that the extraversion - introversion 
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dimension involved the reticular formation (and the associated reticular 
cortical loop) and the neuroticism - stability dimension was identified 
with the hypothalamus. (Claridge (1967) has even suggested two sources 
of personality arousal, sensory reticular arousal and autonomic (hypo- 
thalmic) arousal). It is because of the linkage of the reticular forma- 
tion and the hypothalamus with personality dimensions that Eysenck 
believes that differing personalities reflect their position on the 
level of arousal continuum. For example, cortical excitation in res- 
ponse to external stimulation is postulated to be higher in introverts 
than in extraverts, because he believes introverts possess a weak ner- 
vous system. Conversely he postulated that inhibition would be higher 
in extraverts than introverts. That is, strong excitatory and weak 
inhibitory potentials typify the introvert, with weak excitatory and 
strong inhibitory potentials the extravert. 

In summarizing the difference between strong and weak nervous 
systems Gray (1967) states that; (1) the weak nervous system is more 
sensitive than the strong, (2) it begins to respond at stimulus inten- 
sities which are ineffective for the strong nervous system; and through- 
out the stimulus intensity continuum its responses are closer to the 
maximum level of responding than the responses of the strong nervous 
system. According to Gray, Eysenck considers that the dimensions of 
strength of the nervous system and extraversion - introversion are 
identical. 

Eysenck believes that the cortical supremacy of introverts pro- 
duces a constraint on their behaviour in accordance with conditioned 


and learned patterns of responses which leads to the emergence of 
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particular traits which he has found to characterize introverts; conver- 
sely the relative absence of such supremacy leads to an absence of such 
constraints and thus to the emergence of traits characterizing extraverts. 

Concerning the causal basis and neural structure supporting the 
neuroticism - stability dimension, Eysenck explained it in terms of in- 
stability of the autonomic nervous system. He maintained that the auto- 
nomic reaction was basically dependent on an individual's constitutional 
structure which mediates the strength of the sympathetic reaction to 
incoming stimuli. Although there seem to be characteristic ways in 
which individuals react to the stimulation of the sympathetic and the 
way in which control is indicated by the parasympathetic system, Eysenck 
considers the autonomic nervous system is the most likely basis for indi- 
vidual differences in emotionality. 

In summarizing Eysenck's explanation of personality Welford (1968) 
states that it may be useful to assume that introverts are more chroni- 
cally aroused than extraverts and that unstable (i.e. neurotic) people 
tend to become aroused more easily than stable people. If this is so, 
then Welford expects extraverts to perform many tasks less well than 
introverts and stable extraverts less well than unstable, (Furneaux 
(1962) has presented such evidence) and also he expects unstable intro- 
verts to do well under easy conditions but liable to breakdown under 
severe stress. Although he admits the evidence in this area is complex 
and not easily interpreted, nevertheless some experimental evidence is 


available to support such hypotheses and some will be presented later. 


Eysenck's Personality Inventory (E.P.I. 


The E.P.I. measures personality in terms of two independent 
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dimensions identified as extraversion - introversion (E) and neuroticism 
- stability (N). It is a latter development of an earlier measure, the 
Maudsley Personality Inventory (M.P.I.) (Eysenck 1962) and the E.P.I. 
correlates sufficiently highly with it to make it almost certain that 
experimental findings reported for the older instrument will also apply 
to the newer. 

Each of these traits is measured by means of 24 questions selected 
on the basis of item and factor analysis to which the examinee answers 
'Yes' or 'No'. There is also a response distortion or lie scale inclu- 
ded in order to detect attempts to falsify responses. The theoretical 
background and experimental validation of the test has been presented 
many times, (Eysenck 1947, 1957, 1960, 1967) and many investigations have 
repeatedly demonstrated the independence of the two dimensions. (Bendig 
1970, Burt 1948, Eysenck 1956, Eysenck and Eysenck 1963, Farley 1967). 

Eysenck (1968) gives the following brief account of the typical 
extravert and introvert but suggests that they may be regarded as idea- 
lized end points on a continuum to which people may approach to a grea- 
ter or lesser degree. 

EXTRAVERSION - INTROVERSION. High E scores are indicative of ex- 
traversion. High scoring individuals tend to be out-going, impulsive 
and uninhibited, having many social contacts and frequently taking part 
in group activities . 

The typical extravert is sociable, likes parties, has many friends, 
needs to have people to talk to, and does not like reading or studying 
by himself. He craves excitement, takes chances, often sticks his 


neck out, acts on the spur of the moment and is generally an impulsive 
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individual. He is fond of practical jokes, always has a ready answer, 
optimistic, and likes to ‘laugh and be merry. He prefers to keep 
moving and doing things, tends to be aggressive and to lose his temper 
quickly. His feelings are not kept under tight control, and he is not 
always a reliable person. 

The typical introvert is a quiet retiring sort of person, intro- 
spective, fond of books rather than people; he is reserved and distant 
except to intimate friends. He tends to plan ahead, looks before he 
leaps and distrusts the impulse of the moment. He does not like excite- 
ment, takes matters of everyday life with proper seriousness, and likes 
a well ordered mode of life. He keeps his feelings under close control, 
seldom behaves in an aggressive manner, and does not lose his temper 
easily. He is reliable, somewhat pessimistic, and places great value 
on ethical standards , 

In a similar fashion Eysenck (1968) reports the following descrip- 
tion of a person high on the neuroticism scale. 

NEUROTICISM. High N scores are indicative of emotional lability 
and over-reactivity. High scoring individuals tend to be emotionally 
over-responsive and to have difficulties in returning to a normal state 
after emotional experiences. Such individuals frequently complain of 
vague somatic upsets of a minor kind such as headaches, digestive troubles, 
insomnia, backaches, etc. and also report many worries, anxieties and 
other disagreeable emotional feelings. Such individuals are predisposed 
to develop neurotic disorders under stress, but such predispositions 
should not be confused with actual neurotic breakdown; a person may have 


quite high scores on N while yet functioning adequately in work, Sex, 
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family and society spheres. 

Eysenck (1968) makes it clear that the above descriptive behavioural 
patterns refer to personality in its phenotypic aspect, but they are based 
upon the constitutional or genotypic aspect mentioned earlier. 

From this present theory Eysenck (1968) makes predictions which ex- 
perimentation appears to support. For example, he states that introverts 
show better performance on vigilance tests, have longer after images, 
preserve visual fixation better, show less satiation, have greater tole- 
rance for sensory deprivation but less tolerance for physical pain, and 
show better performance when a measure is made of their critical flicker 
fusion thresholds. Some of the experimentation which supports this theory 
will now be offered in greater detail. 

According to Eysenck (1967) he expects extraverts to be better at 
recall in short term intervals and conversely that introverts would show 
better serial learning and digit span memory when the interval between 
learning and testing was relatively long. Howarth and Eysenck's (1968) 
results were consistent with this expectation when they found that extra- 
verts were superior in paired associate recall at short term intervals 
but inferior at long term intervals. They felt their results supported 
the theory that extraverts possess higher thresholds of arousal and when 
combined with Walker's (1963) hypothesis that retention is a function 
of consolidation of traces, and that high arousal results in slower but 
more permanent consolidation, it follows that high arousal subjects 
(introverts) would have poor immediate recall but superior delayed recall. 
They concluded that this experiment showed that extraverts behaved as 


though they have lower arousal. 
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However, Howarth (1963) had previously found the reverse position 
when considering the time span of digit recognition. He agreed that 
his results were surprising in that the ability to hold the informa- 
tion over a longer period of time was greater in extraverts than in 
introverts. Nevertheless in the same experiment he did find that extra- 
verts were superior in breath holding, showed longer leg persistance, 
greater variability in line reproduction, a tendency to under-estimation 
in time judgement but were inferior in arithmetic computation under slow 
set change conditions. He did feel that the majority of his findings 
(that is apart from the time span of digit recognition) were in the 
direction to support Eysenck. 

When performance was measured by learning paired associates 
McLaughlin and Eysenck (1967) found differences between the two persona- 
lity variables of extraversion and neuroticism. 

In their experiment they divided subjects into four personality 
groups by dividing E and N into high and low scorers. (i.e. the four 
groups were stable extraverts S.I.; neurotic extraverts N.E.; stable 
introverts $.I.; and neurotic introverts N.I.). Using standard tests 
for paired associate learning the subjects learned lists to a criterion 
of one errorless trial. Two separate experiments were conducted, one 
using an easy list containing words of high meaningfulness, the other 
a difficult list containing words of low similarity. 

The results of both experiments were consistent with Eysenck's 
theories, namely that stable-extraverts and the neurotic-introverts 
would be below and above, respectively, the optimum performance in 


learning the easy list. In learning the difficult list it was 
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predicted that the optimum level for performance would shift towards 
the low arousal group, and it was found that the stable extraverts were 
best and the neurotic introverts significantly poorer. No prediction 
had been made between the intermediate personality groups and hence the 
stable introverts and neurotic extraverts did not differ significantly 
on either list. 

McLaughlin and Eysenck explained their results in terms of the 
higher cortical arousal in introverts which facilitated consolidation. 
Moderate anxiety which they felt was determined by the relationship of 
neuroticism and extraversion-introversion was shown to facilitate lear- 
ning the afericutt list. Figure 3 shows McLaughlin and Eysenck's 
inverted U's for both the easy and difficult lists. 
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The aforementioned experiments are but a small sample of studies 
mentioned by Eysenck (1970) in his recent three volume publication on 
Readings in Extraversion-Introversion. Similar experimental research, 
showing differences in performance by subjects with varying dimensions 


on the neuroticism scale have been fully documented by Claridge (1967). 


Summary 


Eysenck has proposed two personality dimensions, namely extraversion- 
introversion and neuroticism-stability. He believes that the differences 
between the various behavioural characteristics of each personality type 
can be explained at the neural level. He equates the extraversion dimen- 
sion with the excitation of the reticular formation and the neuroticism 
dimension with the hypothalamus. 

Welford summarizes the position by suggesting that it may be useful 
to assume that introverts are more chronically aroused than extraverts 
and that neurotic people tend to become aroused more easily than stable 
people. 

Eysenck's Personality Inventory gives a measure of personality in 
terms of the two independent dimensions of extraversion and neuroticism 
which he states may be regarded as end points on a continuum to which 
people may approach to a greater or lesser degree. He also gives a full 
account of the typical behavioural patterns expected from a person who 
approaches these end points. 

Both Eysenck and Claridge present a great deal of research to show 
the dtpeciandesein performance of the various personality types and some 


of this research has been discussed. 
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Hence if the level of arousal is influenced by different personality 
dimensions, then differences in the level of arousal produced by physical 


exertion could be expected from the various personality types. 
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CHAPTER III 
METHODS AND PROCEDURES 


I. Design Considerations 


The design of the experiment, to be detailed later, was such that 
a number of factors were considered in order to eliminate many of the 
problems mentioned by other workers in the literature survey. Apart 
from choosing an adequate experimental design, it was also necessary 
to consider choosing: (i) a suitable test of mental performance, 
(ii) an appropriate method of physical exertion and (iii) a valid and 


reliable test of personality. 


Criteria for Selection of the Mental Task 

The first consideration was that the mental task must be demanding 
but not one that previous experience would materially assist or inhibit. 
If possible the task should be a departure from routine methods of solu- 
tion (e.g. addition of digits) or problems which could be solved by 
methods acquired from experience (e.g. mathematical induction). It was 
also essential to obtain a task in which learning, during performance, 
did not greatly affect performance with successive repetitions of the 
task. A final criterion was that the task should be readily quantifi- 
able and in such units that it was possible to discriminate between 
small fluctuations in performance. 

Moray (1970) stated that one of the most important subdivisions of 
the concept of attention was that of mental concentration. Wittenhorn 


(1943) had previously claimed that tests of attention which are relatively 
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free from the influence of such things as practice effect, rote learn- 
ing, vocabulary size etc. are tests which are heavily loaded with a 
factor identified as mental concentration. An example of such a test, 

he suggested, was one in which the listener was required to identify 
groups of three digits which were presented at the rate of one per 
second. Following earlier work by Bornemann (1942) and Broadbent (1956), 
Brown (1962) used the Brown and Poulton (1961) test of attention which 
they claimed was a test of mental concentration. The test (to be des- 
cribed later) required continuous attention to auditory signals (digits) 
from a tape recorder and involved memory spans of a few seconds, and 

the identification of groups of three digits. Since this test relied 
heavily on short term memory it was considered to be a task demanding 
the 'highest level' of mental performance (Welford, 1968, p. 266). 

Also, since this same test had been successfully used in previous investi- 
gations (Davey 1968, 1972a, 1972b) and met each of the above criteria, 

it was chosen for the present study. 

Because the Brown and Poulton test relied so heavily on short term 
memory as well as the ability to process information, it was felt nec- 
essary to have another task which measured short term memory exclusive- 
ly. The digit span recall test used by Wechsler (1944) was chosen be- 
cause as Patterson (1953) stated, the test involved immediate memory for 
digits and is affected by receptivity and readiness of response and thus 
involved attention. 

The use of these two tests should then make it possible to identify 


whether any fluctuation in the Brown and Poulton task was due to short 


term memory or processing capacity per se. 
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Criteria for Selection of the Physical Task 


The second consideration was that the physical exertion must be 
such that the amount of work done by the subjects must be measurable 
and of such a nature that it could be continued for varying lengths of 
time (e.g. from 15 seconds up to 6 minutes). For preference, the ex- 
ertion should be taken in such a manner that the change from the mental 
to the physical task and vice versa, should not interfere with the pre- 
ceding task. Since a constant torque bicycle ergometer satisfied these 


criteria it was decided to use this method of physical exertion. 


Criteria for Selection of Personality Test 


The third consideration was that a valid and reliable measure of 
the personality traits of extraversion-introversion and neuroticism- 
stability was needed. As Eysenck (1966) has repeatedly pointed out, 
individual differences in personality may account for large amounts 
of variance which in many cases is relegated to the error term unless 
account is taken of these individual differences. According to Eysenck 
(1969), the Eysenck Personality Inventory (E.P.I.), which measures the 
two independent dimensions of personality extraversion-introversion and 
neuroticism-stability, accounts for most of the variance in the per- 
sonality domain. 

Eysenck and Eysenck (1968) have stated that the test retest relia- 
bility of the E.P.I. ranges between .84 and .94 which they consider quite 
satisfactory. The test has also high validity correlations with similar 
tests, including .72 on the extraversion scale with the Guilford (1940) 


Rhathymia scale, and .92 on the neuroticism scale with the Cycloid 
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Disposition scale. Many other reliability and validity coefficients 
are given in the E.P.I. manual together with the factorial validity 
with each of the factors it purports to measure. 

Hence the E.P.I. was selected as an appropriate measure of the 
personality traits of extraversion and neuroticism. One additional 
benefit of the E.P.I. was that it has been used many times in research 


concerned with arousal and thus makes available valuable comparisons. 


IIT. Selection of Experimental Subjects 


During previous pilot studies (Davey 1968, 1972a, 1972b) there 
was some indication that students taking mathematics or statistics at 
university level were able to perform well on the Brown and Poulton 
test. For example, some students were able to score as high as 20/26 
before exertion and although they improved after exertion, such a high 
initial score did not allow the opportunity for significant improvement. 
(It did, of course, give the opportunity for significant deterioration 
in performance.) However, some non-mathematicians were also able to 
obtain high scores, so performing well on this test was not necessarily 
restricted to mathematicians. | 

Because of the nature of the experiment which included some heavy 
physical exertion, subjects were required who were prepared to endure 
some physical fatigue. For this reason, students taking physical edu- 
cation at the University of Melbourne were chosen to act as subjects. 
Also, these subjects were readily accessible to the experimental room 


and were available to the experimenter at convenient times. 


stnofattreos ytbilay ban WRidei iss ‘sito ye) 
yitbhfey Tetrotost sit Athy vardopod (sunen At a3 pr 
siyzngied gto nig Tt avesosy amt Fo 

sit Yo swesamn sdoiiqordgsnisyzs batoalse chy -1 Va oat saat 

i enotetbns anO te to Ptowwsn bas notersve ting to etre ¥ 
fiompees at 2antt yvvembeey nogd est sf tent aw Pea %0 3 
. enoet iagmoo eee ai del heye eslam ends brs ieeuore ¢ 


2iopidue. (69 N3ot | 
fi 
arent fdSXer ,eSteT, gaet yey) eahpuse. soltg. auorwenq paride a 
th 2olsetiste vo 2oftematsgn oni aed ednebute teat sotteotbat os 
_ not {vod bs mmot® sit no Tow mrowisq 03 side stew, Isvel . 
aS\08 26 dptd eb sx0de oF Sfde axeW earisbyte sme ~ofqmeKe 107 - 
apt 6 dove notd19%8 noite bavordnt ait senile bas cohinexs 4 mm ‘a 
Aaomavorrgyni insot¥tipte wor errausyoqqo: sat wots don bb sqooe tetatat 
Gotssrotyeisb InsotTinpre ‘vo? \tinus1ogqo. ont avtp -22Ne2 e sbi a1) 
of sids ozfs sxsw enstaitemendsanon omer. <tevewoH (xt 
Nitpeesoen ton 2ew teet arnt no flaw entanotieq Ge! 2e7058 © ee 
Ss anstolpemaddad oo! patotabaey 
ywaer 2 emee bebuTont noinw bnsaieqxs add to siuten ont Fe ae 
Sribiis oF betsqe1q4 919% orl, beriupsy ovew. etosidue Aol eRe ON 
 wabafsotevdg onfasy ainsbut2-,nozssy att "oF aaa [so 


Watt Vedtosidue 26 i556 of er eyes swat to x ct het 


49 


The subjects chosen consisted of both males and females, whose 
average age was 19 years, ranging from 18 to 21 years. Previous in- 
vestigations had shown these students to be capable of the physical ex- 
ertion required in the experiment. 

It was considered advantageous to use only subjects unfamiliar 
with ie experimental techniques and who had not been used as subjects 
in similar experiments previously. No remuneration or reward was of- 
fered to the subjects although all appeared keen to participate in the 
experiment. Few questions were asked as to the nature of the experiment, 
but each subject was informed that the experiment would involve two 
separate mental tasks and the pedalling of a bicycle ergometer. Al] 
subjects were informed that the results of the experiment would be made 


known to them when the experiment had been completed. 


ITI. Experimental Design 


The experimental design was a 2 x 2 x 6 factorial design with re- 
peated measures on the last factor. Factor A consisted of two levels 
of personality, extraversion and introversion, whilst factor B also 
had two levels of personality, neuroticism and stability. Factor C, 
the independent variable, consisted of 6 jeteis each one being a dif- 
ferent level of physical exertion to which each student was subjected. 
The dependent variable was the scores on the mental performance tasks. 
Each of the three factors was a fixed factor (Winer 1962, p. 143). 

Twenty subjects were chosen in each of the 4 categories (i.e. 2 


levels each of factor A and B) making a total of 80 subjects. The 
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determination of the sample size was obtained by the procedures out- 


lined by Winer (1962, p. 104). 


IV. Apparatus 


The two main pieces of apparatus were the tape recorder and the 
bicycle ergometer which are described below. 
(a) Tape Recorder 

The Brown and Poulton test (described shortly) was recorded on a 
Toshiba solid state tape recorder, an instrument so arranged that the 
subject could hear the test through earphones whilst the experimenter 
could hear the test through the normal speaker. The volume was adjust- 
able for the convenience of the experimental subject. 
(b) Bicycle Ergometer 

The bicycle used was the Tritt! constant torque bicycle ergometer, 
which was so constructed that with a given torque setting and a constant 
speed, (seen on the speedometer in revolutions per minute) the required 
amount of work done in a given time was achieved when a certain number 
appeared on the revolution counter. This could be seen by both experi- 


menter and subject. 


Brown and Poulton Test 
In this test the subject heard through earphones from a tape record- 


er, a continuous series of digits taken from the range 1-9 at one second 


‘The bicycle ergometer was designed and built for the Australian 
Sports Medicine Federation by B.H. Tritt, Mechanical Engineering Depart- 
ment, University of Melbourne. 
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intervals (Hind, 1968). The series was formulated from random numbers 
with the restraint that no numbers occurred twice in succession. The 
task was to detect a sequence of digits which occurred in the order 
'odd-even-odd', and to respond by saying 'Yes' before the next digit 
was presented. (Directions for the test and score sheet are given in 
Appendices E and G.) The score was the number of series correctly 


jdentified. 


Short Term Memory Test 


In this test the subject heard a series of digits through the ear- 
phones, read by the experimenter, and was asked to repeat the digits 
upon completion. Initially the Wechsler test was used, with additional 
tests being constructed by the experimenter using the same principles; 
i.e. no number is repeated twice in the same series, with the exception 
of the ten digits, and in this case the repeated number was more than 
two digits apart. 

In the test if the subject repeated the series correctly then he 
continued with the next higher series. If the subject failed then he 
was given a second trial on a series of equal length. The test was dis- 
continued after the subject had failed both trials of a given series. 
The score was the highest number of digits repeated without error in 


either of the two trials. 


Heart Rate 


Heart rate was taken from a thumb cuff and connected to a direct 


reading heart rate meter. 
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V. Data Recording 


Short Term Memory Test 


A recording sheet (see Appendix F) with the digits in the correct 
order of presentation was used for each subject in the experiment. Each 
time the subject repeated the digits correctly the experimenter placed 
a check mark in the appropriate column. An incorrect response was re- 
corded by a cross. The score was the highest number of digits with a 


check mark which immediately preceded the final two crosses. 


Brown and Poulton Test 

A recording sheet. (see Appendix G) with the random numbers in the 
correct sequence was used for each subject. Each time the subject said 
'yes' to a correctly identified series a check mark was placed after 
the last number spoken from the tape recorder. Since on the recording 
sheet an asterisk had been placed after each 'odd-even-odd' sequence, 
a correct score was obtained each time a check mark coincided with an 


asterisk. The final score was the total number of correct check marks. 


Physical Exertion 


As a check on the amount of work done by the subject the time from 
a stop watch was recorded as well as the number of revolutions on the 
revolution counter. Heart rate was read off the heart rate meter and 
recorded on the score sheet immediately upon cessation of the physical 


exertion. 
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VI. Procedure 


Prior to the testing period in the laboratory all subjects had 
taken the Eysenck Personality Inventory and there was no indication 
from the experimenter that the personality test and the following ex- 
periment were in any way related. The subjects were kept naive as to 
the purpose of the experiment and were told only what appeared on the 
instruction sheet. 

When the subject arrived at the laboratory he/she was greeted 
cordially and asked to sit on the bicycle ergometer, whilst the seat 
and pedals were adjusted for personal comfort. The subject was then 
handed a briefing sheet (see Appendix E) and asked to follow the instruc- 
tions while the information was read. Any questions that were asked 
were answered if possible. Most subjects repeated the procedure to the 
experimenter who confirmed or corrected them. The earphones and the 
thumb cuff (pulse meter) were then adjusted to suit the subject and the 
experiment began. The procedure was as follows: 

(a) Mental task: short term memory test followed by the Brown and 
Poulton test (approximately 2.5 minutes). The first mental test 
was considered as a trial run in order to familiarize the subject 
with the two tests. | 

(b) Treatment A (2 minutes): Treatment A consisted of a 2 minute rest 
period in which the subject remained on the bicycle ergometer and 
was encouraged to relax. 

(c) Mental task. 


(d) Treatment B (2 minutes): Treatment B consisted of resting for 
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1-3/4 minutes and then pedalling the bicycle ergometer for 15 
seconds (3,000 ft. Ib.). 

Mental task. 

Treatment C (2 minutes): Treatment C consisted of resting for 
1-1/2 minutes and then pedalling the bicycle ergometer for 30 
seconds (6,000 ft. 1b.). 

Mental task. 

Treatment D: Treatment D consisted of pedalling the bicycle er- 
gometer for 2 minutes (20,000 ft. 1b.). 

Mental task. 

Treatment E: Treatment E consisted of pedalling the bicycle er- 
gometer for 4 minutes (30,000 ft. 1b.). 

Mental task. 

Treatment F: Treatment F consisted of pedalling the bicycle er- 
gometer for 6 minutes (40,000 ft. 1b.). 


Mental task. 
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CHAPTER IV 
RESULTS 


This chapter has been organized into three main sections. Section 
I deals with the descriptive statistics of the Eysenck Personality In- 
ventory (E.P.I.); Section II is concerned with analyzing the effects 
of physical exertion, and the relationships between the Eysenck person- 
ality variables on the short term memory test; and Section III is con- 
cerned with analyzing the effects of physical exertion and the rela- 
tionships between the Eysenck personality variables on the Brown and 


Poulton test. 


I. The Eysenck Personality Inventory 


One hundred and fifty subjects were given the E.P.I. From this 
group 80 subjects whose scores were in the extremes on each of the two 
dimensions of extraversion and neuroticism were selected to participate 
in the study. Each of the four categories, stable extraversion, neuto- 
tic extraversion, stable introversion and neurotic introversion contained 
20 subjects. 

Table 1 shows the mean raw score for extraversion to be 12.9 whilst 
the mean raw score for neuroticism was 10.5. From the manual of the 
E.P.I. these raw scores place the subjects at the 60th percentile for 
both extraversion and introversion on norms taken from American college 
students. Figure 4 presents a graphical representation of these scores 


whilst the individual scores are presented in Appendix B. 
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TABLE 1 
MEANS, STANDARD DEVIATIONS AND PERCENTILES FOR 80 SUBJECTS 


Extraversion Neuroticism 
Mean 12.9 10.5 


Standard Deviation ts 25 


Percentile 60 60 


Table 2 presents these scores in each of the four categories, stable 
extraversion, neurotic extraversion, stable introversion and neurotic 
introversion. 

TABLE 2 
MEANS, STANDARD DEVIATIONS AND PERCENTILES 
FOR SUBJECTS BY PERSONALITY CATEGORY 


Stable Neurotic Stable Neurotic 
Extraversion Extravers ion Introversion Introversion 
Extra- |Neurot-|Extra- |Neurot-|Extra- |Neurot-|Extra- |Neurot- 
version| icism |version| icism |version| icism |version| icism 


16.8 Sal 16.8 cee 9.4 6.2 8.8 1532 
Cae 22 2.4 2.4 1.4 2.6 ¥.6 Bee, 
90 21 90 90 30 28 25 88 


This shows that the mean score for stable extraversion is at the 90th 


Mean 


Standard 
Deviation 


Percentile 


percentile for extraversion and the 21st percentile for neuroticism which 


according to Eysenck and Eysenck (1968) respectively depicts a person 
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above and below average in the trait measured. This also applies to 
the extraversion and neuroticism scores for neurotic extraversion, 
stable introversion and neurotic introversion, although as can be seen 
from Figure 4 the mean score for stable introversion is not as extreme 
a score as each of the other three categories. This can be explained 
by the fact that the mean score for extraversion and neuroticism for 
the original population from which the sample was chosen was at the 
64th and 56th percentile respectively. As can be seen from Figure 4 
almost half the subjects in stable introversion could be classified as 


borderline cases in this particular category. 


II. Short Term Memory 


The results for all subjects of the short term memory test immed- 


jately following the six periods of exertion are given in Table 3. 


TABLE 3 
SHORT TERM MEMORY SCORES AFTER EXERTION FOR 80 SUBJECTS 


Standard 
Deviation 
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This shows that the mean score on the short term memory test re- 
mained relatively constant during 0, 1/4, 1/2 and 2 minutes exertion, 
i.e. the mean score ranged only from 7.0 to 7.2. It was not until 
after 4 or 6 minutes exertion that the score dropped to below 7. 

Table 4 examines the short term memory scores for each of the four 
personality divisions, stable extraversion, neurotic extraversion, 
stable introversion and neurotic introversion. This shows that the 
mean scores for the neurotic extraversion group were slightly higher 
than each of the other three groups both before and after exertion. 

Figures 5, 6 and 7 present a graphical representation of these 


scores whilst Appendix C contains the individual scores. 


TABLE 4 
SHORT TERM MEMORY SCORES AFTER EXERTION BY PERSONALITY 


, Extraversion Introversion 
Minutes 


: Total 
: yea 7.4 10 tal 


A 2x 2x 6 analysis of variance was calculated and is summarized 


in Table 5. (Full details are available in Appendix C). 
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TABLE 5 


ANALYSIS OF VARIANCE ON S.T.M. TEST 


(A) Extraversion 
(B) Neuroticism 


(AB) Extraversion/ 
Neuroticism 


Subjects Within 
Groups 


Within Subjects 
(C) Exertion 


(AC) Extraversion/ 
Exertion 


(BC) Neuroticism/ 
Exertion 


(ABC) Extraversion/ 
Neuroticism/ 
Exertion 


C x Subjects Within 
Groups 


* Numbers in brackets indicate the degrees of freedom for the Greenhouse 
and Geisser (1959) Conservative F test. 


Table 5 shows that there were no statistically significant differ- 
ences between subjects in short term memory scores on the basis of ex- 
traversion, or introversion, or interaction between these two personality 
traits. However there was a statistically significant (p < .01) dif- 
ference in the short term memory scores after exertion. Table 6 shows 


the Newman Keuls test on the difference between all pairs of ordered 
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means on the short term memory test scores after exertion. 


TABLE 6 
NEWMAN KEULS TEST ON S.T.M. TEST 
MAIN EFFECTS OF FACTOR C 


Minutes 
Exertion 


Factor 
Ordered Means 


Differences 
Between 
Pairs 


.95(r, 380) 
Sc .95(r,380) 


The Newman Keuls test shows that the short term memory test scores 


dropped significantly after 4 and 6 minutes exertion. 
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65 
III. Brown and Poulton 


The mean and standard deviation scores for the 80 subjects on the 
Brown and Poulton test after the six periods of exertion are presented 


in Table 7. 


TABLE 7 
MEANS AND STANDARD DEVIATIONS ON BROWN AND POULTON 
TEST AFTER EXERTION FOR 80 SUBJECTS 


Minutes Exertion 0 1/4 1/2 2 4 6 


Mean i 2 12.0 AF ae 3: 19.5 17.0 11.6 
Standard Deviation 2.9 3.0 326 3.0 330 3.0 


This shows that the mean score on the Brown and Poulton test det- 
eriorated slightly from 0 to 1/4 minute exertion and thereafter rose 
after 1/2 and 2 minutes exertion with a subsequent falling off in per- 
formance after 4 and 6 minutes exertion. 

Tables 8A, B, and C presents the mean score on the Brown and Poulton 
test in each of the following categories: extraversion-introversion; 
neuroticism-stability; stable extraversion-neurotic extraversion, and 


stable introversion-neurotic introversion. 
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TABLE 8A 
MEAN SCORE ON BROWN AND POULTON TEST 
AFTER EXERTION BY PERSONALITY 


Exertion 


Extraversion Tas3 Jig ley’ 17 o4 2071 18.5 
Introversion lit l2e2 18.2 1LS.a2 15:5 


TABLE 8B 
MEAN SCORE ON BROWN AND POULTON TEST 
AFTER EXERTION BY PERSONALITY 


Exertion 


Stability 12.1 1256 17.6 19.6 17.5 
Neuroticism 122 1 beg 18.0 19.7 16.6 


TABLE 8C 
MEAN SCORE ON BROWN AND POULTON TEST 
AFTER EXERTION BY PERSONALITY 


Exertion 


Extraversion 


Stability 
Neuroticism 


Introversion 


Stability 
Neuroticism 


12e2 
11.0 


We.1 
11.0 
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Again a 2 x 2 x 6 analysis of variance was calculated and is sum- 
marized in Table 9 with the full details in Appendix D. Table 9 shows 
that the main effects for factors A and B (extraversion and neuroticism) 
and the interaction for AB (extraversion/neuroticism) are not statis- 
tically significant. However, the main effects of factor C (exertion) 
and the interaction effects for AC (extraversion/exertion) are statis- 
tically significant (p < .01). Also the interaction effects for BC 
(neuroticism/exertion) and ABC (extraversion/neuroticism/exertion) are 
statistically significant (p < .05). Since the main effect of C and 
the interaction effect for ABC were significant, a test for significance 
between all possible pairs of means on factor C and ABC was calculated 
using the Newman Keuls procedure. Tables 10 and 11 summarizes these 
calculations. 

Table 10 shows that there were no statistically significant dif- 
ferences between the means for exertion in C1, Cy and Ce (0, 1/4 and 6 
minutes exertion) but there were statistically significant differences 
between these three means and the means for exertion in C35 Cy and C. 
(1/2, 2 and 4 minutes exertion). 

Table 11 shows that there were no statistically significant dif- 
ferences between the means for stable introversion and neurotic intro- 
version, and neurotic introversion and neurotic extraversion, but there 
were statistically significant differences between neurotic extraversion 
and stable introversion, and stable extraversion and stable introversion, 
neurotic introversion and neurotic extraversion. 

Figures 8, 9, 10, 11 and 12 graphically present the material con- 


tained in Tables 7, 8A, 8B and 8C. 
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TABLE 9 
ANALYSIS OF VARIANCE ON BROWN AND POULTON TEST 


Source of Sum of Degrees of Mean 
Variation Squares Freedom* Square 
Between Subjects 4205.1 


) Extraversion 


a Neuroticism 


(AB) Extraversion/ 
Neuroticism 


Subjects Within 
Groups 


Within Subjects 
(C) Exertion 


(AC) Extraversion/ 
Exertion 


(BC) Neuroticism/ 
Exertion 


(ABC) Extraversion/ 
Neuroticism/ 
Exertion 


5(1) 


Exertion x Subjects 
Within Groups 


380(76) 


* Numbers in brackets indicate the degrees of freedom for the Greenhouse 
and Geisser (1959) Conservative F test. 
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TABLE 10 
NEWMAN KEULS TEST ON BROWN AND POULTON TEST 
MAIN EFFECTS OF FACTOR C 


Minutes 
Exertion 


Factor 


Ordered Means 


Differences 


Between 
Pairs 


mB) 
.95(r,380) 
Sc .95(r,380) 
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TABLE 11 
NEWMAN KEULS TEST ON BROWN AND POULTON TEST 
INTERACTION EFFECTS OF ABC 


SIMPLE MAIN EFFECTS OF Ce. 


Stable 
Introversion 


Neurotic 
Extraversion 


Neurotic 
Introversion 


Ordered Means 


Stable 
Introversion 


Neurotic 
Introversion 


Neurotic 
Extraversion 


Stable 
Extraversion 


Stable 
Introversion 


Neurotic 
Extraversion 


Neurotic 
Introversion 


Stable 
Introversion 


Neurotic 
Introversion 


Neurotic 
Extraversion 


Stable 
Extraversion 


Stable 
Extraversion 


Stable 
Extraversion 
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Hypotheses 


On the basis of the review of literature in Chapter II and the 
objective of the study the following null hypotheses were set up: 
(a) Hy: There would be no effect in mental performance after various 
amounts of physical exertion. 
(b) H,: There would be no difference between the personality divi- 
sions in mental performance after various amounts of physical 


exertion. 


As a result of the analysis of variance in Table 9 both these hypo- 
theses were rejected; Hy being rejected at the 0.01 level of confidence 


and Ho being rejected at the 0.05 level of confidence. 
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Figure 9 : Score on Brown and Poulton Test after Exertion, 


by Personality (E. and !) 


74 


(Njpue S) Ajijeuosiag Aq 
‘UO1lIaXW Jaye JS9y] UOJ}NOg PUe UMOIG UO BOIS : OL anbi4 


uodIaXy sazNull/J 


5 # 
9| @2°0 
Do 
ro) 
= 5 
ae | 
sd 
a 
OZ 


N 
N 


sjsaj UO}JjNOg Pue 
UMO1g UO 3109S 


Minutes Exertion 


7 


oO 


- Score on Brown and Poulton Test after Exertion, 


Figure 11 


by Personality (S.E and NE) 


ey 


76 


é 


(I'N pue |"S) Ajijeuosiag Aq 
UOIPOXFA 49}42 Ysa} UOIj]NOg Pue UMOIg UO 3109S : Z|] sunbi4 
UOI]IIXY SONU 


9 v c Cll vil O 


sjsa} UONOg pue 


UMOJgG UO 3109S 


con cP rar Tr 


CHAPTER V 
DISCUSSION 


Almost no change in mental performance (as measured by the Brown 
and Poulton test) occurred following the periods of zero and 1/4 min- 
utes of exertion. However after 1/2, 2 and 4 minutes exertion there 
were significant increases (p < .01) in mental performance with the 
optimal performance being obtained after the 2 minutes exercise period. 
Furthermore, after 6 minutes of exertion performance deteriorated to 
Slightly below the earlier scores after zero and 1/4 minutes exertion. 
When Figures 8 to 12 are examined, there is obvious evidence of an in- 
verted U function when performance is plotted against increasing exer- 
tion. Each graph shows that as physical exertion increased, it produced 
an effect upon the subject such that mental performance was facilitated. 
However, once past the optimal level, performance was inhibited. This 
is an indication that physical exertion may have altered the level of 
arousal in the manner hypothesized by Duffy (1962). In these graphs, 
if the axis representing the duration of physical exertion were replaced 
by the arousal continuum, it can be clearly seen that as arousal increases 
from a minimum level, performance improves to an optimal level, and 
thereafter as arousal increases, performance deteriorates. Hence it 
appears that the results of this study are consistent with arousal theory. 
Thus it now remains to find support for the hypothesis that physical 
exertion can affect the level of arousal. Such an hypothesis has been 
alluded to by Duffy (1962), Stockfelt (1968), and Gutin (1970), but as 


yet a satisfactory explanation has not been forthcoming. The following 
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is offered as an attempted explanation. 

It was pointed out in the review of the literature that most re- 
cent writers on the topic of behavioral arousal acknowledge its con- 
nection with the brain stem reticular formation. Also French (1957) 
pointed out that the ability to perceive and to think lies in the cor- 
tex of the brain, but the brain cannot respond to any stimulus (apart 
from a reflex action) without being stimulated first by the reticular 
formation. Therefore, in order for a theory that physical exertion 
produces arousal to be plausible, it has to be shown that physical ex- 
ertion stimulates the reticular formation of the brain stem which in 
turn excites the cortex. 

It has been well documented in the physiological literature (von 
Euler 1969) that the hormone epinephrine is secreted during physical 
exertion on a bicycle ergometer. Also, as was pointed out in the lit- 
erature, many writers have shown that the reticular formation is epine- 
phrine - sensitive and that this hormone may, in fact, account for an 
arousing influence on the cortex. Although perhaps the mechanism is 
far more complex than this simple explanation, it appears feasible that 
physical exertion may be one of a number of factors capable of influ- 
encing the level of arousal. 

One other possible explanation should at least be mentioned. A 
number of writers (Stauffacher 1937, Pinneo 1961, Andreassi 1965) have 
suggested that proprioceptive impulses from the musculature also have 
the ability to arouse the cortex. Since both French (1957) and Hokanson 
(1969) have shown that sensory signals from all parts of the body (in- 


cluding proprioceptive) feed into the reticular formation on the way to 
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the cortex, it is possible that such stimulation from exertion may be 
responsible for the altered state of arousal. It has been shown 
(Bernhaut et. al. 1953) that apart from pain, proprioceptive stimula- 
tion is more likely to produce an arousal reaction than the other 
senses. 

However whether the degree of stimulation from the musculature in- 
volved in pedalling the bicycle ergometer is greater or lesser than that 
produced by induced muscular tension (mentioned in the literature survey 
as a means of producing arousal) is unknown. It may even be possible 
that proprioceptive stimulation may occur simultaneously with the sug- 
gested stimulation of the reticular formation by epinephrine with a 
summation effect. At our present state of knowledge this must remain 
pure speculation. 

Further evidence of support for the theory that physical exertion 
influences the level of arousal may also be seen in the interaction ef- 
fects of personality and performance as shown in Figures 9 to 12, 

As mentioned in the literature, Eysenck stated that extraverts are 
not as highly aroused as introverts. Therefore, with increasing arousal, 
it could be predicted from this theory, that introverts would deterior- 
ate in performance before extraverts, and that extraverts could take 
more stimulation before deteriorating in performance. Figure 9 appears 
to confirm this prediction. Also the slope of the gradient between 1/2 
and 2 minutes exertion for extraversion tends to suggest that extraverts 
could take more exertion than 2 minutes of stimulation in order to reach 
their optimal performance level. 


However, Eysenck's theory would also predict that neurotic subjects 
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would reach their optimal level of stimulation earlier with extraver- 
sion and introversion held constant. Figures 10 and 12 do not appear 
to support this prediction but Figure 11 partially supports the pre- 
diction in that stable extraversion tends to fall off in performance 
rather later than neurotic extraversion. 

Also of interest is that performance on the short term memory test 
only began to deteriorate significantly (p < .01) after 4 and 6 minutes 
exertion (Figures 5, 6 and 7). Although there were no significant dif- 
ferences between the interaction of personality and short term memory 
scores, Figures 6 and 7 show that extraverts perform better on short 
term memory before and after exertion. Hence these results are consis- 
tent with those of Howarth and Eysenck (1968) and with Eysenck's theory 
that introverts would have poorer immediate recall than extraverts. 
Though this theory does not make any predictions about performance on 
Short term memory between neurotic and stable subjects, it is of inter- 
est to note that after severe exertion both neurotic extraversion and 
neurotic introversion performed better than stable extraversion and 
stable introversion respectively, although not significantly. . With min- 
or differences these results are similar to those found by McLaughlin 
and Eysenck (1967). 

The inverted U functions between performance and physical exertion 
shown in Figures 8 to 11 are consistent with the results obtained by 
Wood and Hokanson (1965) and Stockfelt (1968), both of whom extended 
the physical exertion over a wide range. The results also concur with 
the findings of McAdam and Wang (1967), Gutin and Di Gennaro (1968a), 
Butler (1968) and Zuercher (1965) who found that performance improved 
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with a sub-maximal amount of physical exertion. Hence it appears that 
a sub-maximal amount of physical exertion (defined as 1/2 to 2 minutes 
exertion as used in this study) has a positive effect on performance 
whereas almost maximal exertion (4 to 6 minutes exertion) has a nega- 
tive effect on performance. This result is consistent with both Hebb's 
(1955) and Easterbrook's (1959) theories concerning the energizing 
(positive) effects of arousal and the interference (negative) effects 
Of arousal. 

When Figure 5 is examined it can be seen that there is no increase 
in capacity of the short term memory but there is a significant (pee 401) 
decrease in capacity after 4 minutes exertion. However Figure 8 shows 
that with the capacity of the short term memory held constant, process- 
ing of information has been improved significantly (p < .01) showing 
the energizing function of sub-maximal exertion. Again when the capa- 
city of the short term memory falls after 6 minutes exertion there is 
a significant (p < .01) deterioration in the processing Capacity, show- 
ing the interference function after almost maximal exertion. 

Biggs (1972) explains the relationship between the energizing and 
interfering functions of arousal and suggests that at low levels of 
arousal, energizing is stronger than interference, but at higher levels 
the interfering function overcomes the energizing one. He suggests 
that the effect of over-arousal is to take up potentially valuable cog- 
nitive space in the short term memory system which reduces the capacity 
available to process relevant information. This appears to explain why 
the deterioration of the processing of information in the Brown and 


Poulton test coincided with the deterioration of performance in the 
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short term memory test (i.e. 4 minutes exertion). 

According to Eysenck (1967) it could be predicted that the point 
at which arousal changes from an energizing to an interfering function 
varies for different personality types. This theory was confirmed by 
the results of this study (Figures 1] and 12) when significant inter- 
action (p < .05) effects were obtained for extraversion x neuroticism x 
exertion. 

In Moray's (1970) terms, mental concentration, an important sub- 
division of attention, has been shown to be facilitated by a sub-maximal 
amount of physical exertion and inhibited by almost maximal physical ex- 
ertion. This is in agreement with Butler (1970) who stated that stimu- 
lation of the reticular formation not only produces arousal but also 
affects the transmission and processing of information at the cortex. 

Finally this study has shown how physical exertion may influence 
the level of arousal asodéfinéd earlier by Fiske and Maddi (1960) as a 
neuropsychological concept referring on the neural side to the state 
of excitation of the reticular formation of the brain stem, and on the 
psychological side to the common core of such terms as awakeness, alert- 


ness, attention and subjective excitement. 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 


Summary 


The purpose of this study was to examine the effect of physical 
exertion on mental performance. It was hypothesized that physical ex- 
ertion may be one of many factors that influence the level of arousal 
and hence affect mental performance. 

Specifically 80 physical education students were divided into 
four groups on the basis of their extreme scores on the Eysenck Person- 
ality Inventory which measures personality in terms of extraversion- 
introversion, and neuroticism-stability. Each student was then sub- 
jected to varying amounts of physical exertion, after which their men- 
tal performance was measured on the Wechsler digit recall short term 
memory test, and the Brown and Poulton test. 


The two null hypotheses, namely: 


Hy: there would be no effect in mental performance after various 
amounts of physical exertion, and 
Ho: there would be no difference between the personality divisions 


in mental performance after various amounts of physical exertion, 
were both rejected, Hy at the 0.01 level of confidence, and Hy at the 
0.05 level of confidence. 

A 2 x 2 x 6 (extraversion x neuroticism x exertion) analysis of 
variance with repeated measures on the last factor was calculated on 
both tests of mental performance with some significant results. Short 


term memory scores were found to deteriorate significantly (p < .01) 
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with 4 and 6 minutes exertion but remained almost constant with exer- 
tion less than 4 minutes. However, performance on the Brown and Poulton 
test improved significantly (p < .01) after periods of 1/2, 2 and 4 min- 
utes exertion and thereafter performance began to deteriorate with in- 
creasing amounts of exertion. These results were consistent with Duffy's 
view that as arousal increases, performance improves to an optimal level, 
and thereafter, as arousal increases, performance begins to deteriorate. 
In support of the concept that physical exertion may produce arousal, 
some interaction effects between the personality variables of extra- 
version and neuroticism with exertion were found to be significant 
(p < .05). With the same amount of exertion introverts were found to 
deteriorate in performance before extraverts, thus lending Support to 
Eysenck's theory that introverts are more highly aroused than extraverts 
in a resting state, and reach their optimal level earlier with increas- 
ing arousal. 

A possible explanation of the mechanism by which physical exertion 


may influence the level of arousal was attempted. 


Conclusions 


On the basis of the results of this study the following conclusions 
appear to be justified. 
1. There was evidence to suggest that short term memory remains rela- 
tively constant with sub-maximal physical exertion but begins to 
deteriorate significantly as exertion increases towards maximum. 


2. In performance on the short term memory test there were no differ- 
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ences in ability as a function of the four personality categories, 
stable extraversion, neurotic extraversion, stable introversion 
and neurotic introversion. 

3. There was evidence to suggest that 1/4 minute exertion was not 
sufficient to improve performance on the Brown and Poulton test 
but that performance was significantly improved after 1/2 and 2 
and 4 minutes exertion. 

4. Further increases in physical exertion past the optimal level have 
an inhibiting effect on performance on the Brown and Poulton test. 

9. The personality characteristics of extraversion-introversion ap- 
pear to have an effect upon the amount of physical exertion to 
which a person can be subjected before mental performance begins 
to deteriorate. The evidence suggests that extraverts can take 


more physical exertion before mental performance is inhibited. 


Implications 


If the results of the present experiment can be substantiated, one 
can speculate on certain practical implications. For example, in any 
learning situation it appears likely that a sub-maximal amount of phy- 
sical exertion will increase the level of arousal towards the optimal 
level and hence mental performance will be facilitated. More specifi- 
cally, in the teaching of physical education, especially in the learning 
of new skills, the level of arousal may be increased to the optimal level 
so that the cognitive and perceptual aspects of skill learning are facil- 


itated. Conversely, the physical education teacher should be cognizant 
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of the reverse situation which may occur if the performer passes the 
optimal level of arousal through too much exertion. 

It also appears likely that a knowledge of the personality char- 
acteristics of the performer would assist the physical education teach- 


er in finding the optimal level of arousal for each individual. 
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EYSENCK PERSONAL INVENTORY 


INSTRUCTIONS 


Here are some questions regarding the way you behave, feel and act. 
After each question is a space for answering "Yes", or "No." 

Try and decide whether "Yes," or "No" represents your usual way 
of acting or feeling. Then blacken in the space under the column headed 
"Yes" or "No." 

Work quickly, and don't spend too much time over any question; 
we want your first reaction, not a long drawn-out thought process. 
The whole questionnaire shouldn't take more than a few minutes. Be 
sure not to omit any questions. Now turn the page over and go ahead. 
Work quickly, and remember to answer every question. There are no right 
or wrong answers, and this isn't a test of intelligence or ability, but 


simply a measure of the way you behave. 
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Do you often long for excitement? 

Do you often need understanding friends to cheer you up? 
Are you usually carefree? 

Do you find it very hard to take no for an answer? 

Do you stop and think things over before doing anything? 


If you say you will do something do you always keep your promise, 
no matter how inconvenient it might be to do so? 


Does your mood often go up and down? 


Do you generally do and say things quickly without stopping to 
think? 


Do you ever feel "just miserable" for no good reason? 
Would you do almost anything for a dare? 


Do you suddenly feel shy when you want to talk to an attractive 
stranger? 


Once in a while do you lose your temper and get angry? 

Do you often do things on the spur of the moment? 

Do you often worry about things you should not have done or said? 
Generally do you prefer reading to meeting people? 

Are your feelings rather easily hurt? 

Do you like going out a lot? 


Do you occasionally have thoughts and ideas that you would not 
like other people to know about? 


Are you sometimes bubbling over with energy and sometimes very 
Sluggish? 


Do you prefer to have few but special friends? 
Do you daydream a lot? 
When people shout at you, do you shout back? 


Are you often troubled about feelings of guilt? 
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38: 
39. 
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42. 
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45. 


Are all your habits good and desirable ones? 


Can you usually let yourself go and enjoy yourself a lot at a 
gay party? 


Would you call yourself tense or "highly-strung"? 
Do other people think of you as being very lively? 


After you have done something important, do you often come away 
feeling you could have done better? 


Are you mostly quiet when you are with other people? 
Do you sometimes gossip? 
Do ideas run through your head so that you cannot sleep? 


If there is something you want to know about, would you rather 
look it up in a book than talk to someone about it? 


Do you get palpitations or thumping in your heart? 
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Do you like the kind of work that you need to pay close attention 


to? 
Do you get attacks of shaking or trembling? 


Would you always declare everything at the customs, even if you 
knew that you could never be found out? 


Do you hate being with a crowd who play jokes on one another? 
Are you an irritable person? 

Do you like doing things in which you have to act quickly? 

Do you worry about awful things that might happen? 

Are you slow and unhurried in the way you move? 

Have you ever been late for an appointment or work? 

Do you have many nightmares? 


Do you like talking to people so much that you would never miss 
a chance of talking to a stranger? 


Are you troubled by aches and pains? 


gor 


o~ 


Tesno afden 


'"anuyte~yi de kd” 1 o2n8y eee ft sa Fe 
hufavil way Bikes! 26 woe ¥0 nie af qoaq 


| — yorto fey 4 s(8 NOX, get hia ul woY. 
Sateen 2 Woy’ 

: mele a: oy 

Sqpele Fonnsd voy Pant ov: bead awe ouout au egobh 


etitet voy bivew .,tytds word og ag ayy, piv rks oz eb ) 
93? sods an08mO2 od Bg “oad 6 w at 


Steen. awa al prt 90 ano 5a 
¥ fq iv pe re ae 
norinssss srefo yoq ot bean vay. red ow te) bata ile 


| ot 
ea ' ier saree nihed 

“itor gle 9 soe dag wy wo of 

' 2¢ A es 

WOY, +i ‘neve aod eu omy $6 gritdsyrs fod reste ncbstt 
TWO: bans? od a ' 
Syerit ons. eno no 2etot yehq otw bess 6 Atte qwied sted uoigod Ne i 
_ | Seoeveq efdatteat ns voy STA eS | 
Hii ta5. od ‘evel vox (atthe: a apni. giteb ott way 0d Ele 
Aiea Sipim sorts 2gnhdd futwa +wrts ervow voy 6 ip 
Tavom woy, yew std Hi batersrins ti wot 2 wou nk ig i, af 
oe 1OW YO. tnantatogas n5 07 eta! need: ave vga “Sh . vi 
‘eovenaiight a evet-uoy 90 ce 
eatin yaven bf WOW voy sae foun o2 oF. qo8q on pity es 
| | — b by 


t 


46. 


47. 
48. 


49. 
50: 
51. 
Be. 
D2. 
54. 
D0: 
56. 
o7. 


101 
Would you be very unhappy if you could not see lots of people 
most of the time? 
Would you call yourself a nervous person? 


Of all the people you know are there some whom you definitely 
do not like? 


Would you say you were fairly self-confident? 

Are you easily hurt when people find fault with you or your work? 
Do you find it hard to really enjoy yourself at a lively party? 
Are you troubled with feelings of inferiority? 

Can you easily get some life into a rather dull party? 

Do you sometimes talk about things you know nothing about? 

Do you worry about your health? 

Do you like playing pranks on others? 


Do you suffer from sleeplessness? 
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EXTRAVERSION-NEUROTICISM SCORES 


E N E N E N E N 
ZA 7 21 14 1] ] 11 20 
19 9 21 1] 1] 9 11 19 
19 8 20 14 1] 8 Ta 18 
19 7 20 12 11 if 11 VW 
19 6 19 21 1] 5 11 16 
19 A 19 15 1] a 1] 15 
19 2 18 15 10 8 9 19 
18 8 17 es 10 8 9 17 
v7 8 17 16 10 ij 9 14 
iW 6 Vy 13 10 2 9 13 
le 4 16 19 9 9 9 12 
16 6 16 17 9 9 8 19 
16 2 16 15 9 6 8 is 
15 4 16 14 9 Z 8 17 
15 3 15 19 9 ] 8 ifs) 
15 2 15 La 8 8 8 k2 
14 6 15 15 8 8 8 1] 
14 5 14 16 8 5 6 15 
14 4 13 18 8 2 6 13 
13 2 IZ 19 5 8 6 10 

Mean 638) Wasa 16,84 +1558 Ons Go Srey) love 

Standard 
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ANALYSIS OF VARIANCE 


S2TLMe. TEST 


Between Subjects 


B 
AB 


Subjects Within 
Groups 


Within Subjects 
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AC 
BC 


CX Subjects Within 
Groups 
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ANALYSIS OF VARIANCE 
Some TEST 


ABC Summary Table 
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S.T.M. TEST 
p = 2 q=2 eo 
3332° Soller eee 
2 6)(20 480 cane 
23,534.00 
1690* + 1642 _ 5,552,264 23,134.43 
~ (20)(2) (6) 240 ere. 
1650° + 1682° _ 5,551,624 23,131.76 
W120) 2)(G) ae 240 pat 
572° + 560° + 568° + 544° + 520° _ 1,852,368 _ 23,154.60 
DO)(2)(2 80 esny 
2 2 2 2 
834" + 856ect 816+ 826 2,776,424 
a Cpe = GAA AA 23,136.86 
290° + ... + 250° 926,488 _ 53 162.20 
20)(2 40 ——- 
282° + 266" = 926,344 _ 53 158.60 
20)(2 40 Pils 
142% +... + 128° 463 ,336.0 23,166.80 
0 20 otis 
age +... + 35° _ 140,242 
AOU a = NO PH = 23,373.66 
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NEWMAN KEULS 


SalisMe TEST 
Exertion Ce C. C. C. C, C, 
Ordered Means 625 6.8 7.0 7.1 ia 1.2 
Ce - 0.8 0.4 0.6 0.6 0.7% 
C, - 0.2 0.3 0.3 0.4 
Differences Cy - Og Ocn Onz 
Between Pairs C3 - 0.0 0.1 
Cy - 0.1 
C, - 
Sz = .09 2 3 4 5 6 
.95(r,380) (ag | 3.61 3.63 3.86 4.03 
S~ .95(r,380) 0.25 0.29 0.32 0.34 0.36 
Ce C C, C4 Cy G 
te * = * 
te . A * * * 
Co . = = . 
C, = : = 
Cy = 3 
‘ = 


R. MSc_x subjects within group _ 0.34 
"co ie (20) (2) 


np 


= v.0085 =) 09 
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SiEs. (Ss 14M. SCORES 


Subject 0 1/4 V2 2 4 6 Total 
1 9 8 9 8 7 7 ety: 
2 8 8 8 9 8 8 49 
3 8 8 9 8 7 7 47 
4 8 7 8 7 7 7 44 
5 8 i il 7 7 7 43 
6 8 7 8 8 8 8 47 
7 7 8 8 8 7 7 45 
8 7 7 8 ii il 7 43 
9 7 7 7 7 I 7 42 

10 ,, 7 7 6 6 6 39 
1] 7 i 6 vi 7 7 4] 
12 7 6 7 7 7 6 40 
13 7 iv 6 6 6 6 38 
14 7 7 7 7 7 i 42 
15 7 6 6 7 6 6 38 
16 6 7 7, 7 7 7 4] 
17 6 7 if 6 6 6 38 
18 6 6 6 6 6 5 35 
19 6 7 7 6 7 6 39 
20 6 6 6 6 6 5 35 
=X 142 140 144 140 136 132 834 
2 


1058 988 1054 994 932 884 5910 
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N.E. (S.T.M. SCORES) 


Subject 0 1/4 W/2 Z 4 6 Total 


] 9 9 9 ) 8 9 oo 
2 9 8 8 8 j} 7 47 
3 8 J 8 9 8 8 50 
4 8 8 7 8 8 7 46 
5 8 7 7 7 7 U 43 
6 8 8 8 8 8 8 48 
7 8 7 ii i if 7 43 
8 8 7 7 i 7 / 43 
9 8 7 7 if, 7 7 43 
10 8 8 8 8 7 8 47 
1] 7 7 i 7 7 6 4] 
12 7 8 8 8 7 7 45 
ibs 7 7 7 7 7 7 42 
14 7 6 6 6 7 6 38 
1S 7 6 6 6 6 6 o/ 
16 7 7 il 7 i 7 42 
1Z 6 6 6 6 6 6 36 
18 6 7 7 7 7 7 4] 
19 6 6 6 6 6 5 She) 
20 6 6 6 6 6 6 36 
uX 148 144 142 144 140 138 856 
5xé Like 1054 1022 1054 988 968 6198 


ST AS. EM. SCORES 


Subject 0 1/4 1/2 a 4 6 Total 
] 9 8 9 8 8 8 50 
2 8 i 8 8 7 7 45 
5 8 8 8 8 8 8 48 
4 8 7 8 F/ 6 43 
5 8 8 8 8 7 6 45 
6 7 # 7 7 7 7 42 
7 7 7 8 8 r 6 43 
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Nee (S.T2M. SCORES) 


Subject 0 1/4 1/2 2 4 6 Total 
] 2 8 8 9 8 8 50 
2 8 8 7 8 7 45 
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ANALYSIS OF VARIANCE 
BROWN AND POULTON TEST 


Between Subjects 
A 


B 
AB 


Subjects Within 
Groups 


Within Subjects 
C 661.86 


AC 23.03 
BC : 4.86 
ABC : 7.00 


C x Subjects Within 
Groups 
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ANALYSIS OF VARIANCE 
BROWN AND POULTON TEST 


AB Summary Table 


AC Summary Table 


C, Co C. Cy C, Ce Total 
ay 492 472 696 804 740 488 3692 
ao 484 488 728 768 624 440 3532 
976 960 


1424 1572 1372 1364 7224 


BC Summary Table 


C, C., C, Cy C, Ce Total 
b, 486 482 704 784 700 486 3642 
b. 490 478 720 788 664 442 3582 
976 96 92 
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ANALYSIS OF VARIANCE 
BROWN AND POULTON TEST 
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NEWMAN KEULS 
BROWN AND POULTON TEST 
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Subject 0 
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INSTRUCTIONS TO SUBJECTS 


In this experiment we are studying the way people perform on two 
tests of mental performance after varying amounts of physical exertion 
taken on the bicycle ergometer. 

Sit on the bicycle ergometer and I shall adjust the seat and the 
pedals until you feel quite comfortable. This thumb cuff measures 
your heart rate at various stages. 

In the first test I am going to say some numbers. Listen care- 
fully and when I am finished say them after me in the same order. 

In the second test you will hear a continuous series of numbers 
from the tape recorder. Again listen carefully and every time you de- 
tect a sequence in the order, "odd-even-odd", say "Yes". Try and say 
yes before you hear the next number, eg., if you hear the numbers 1, 6, 
5 you say, "yes", or if you hear the numbers 1, 6, 5, 6, 7, you would 
say "yes" after the 5 and "yes" again after the 7. 

After a short period you will be told to rest so would you please 
remain on the bike and relax. 

At various stages I shall ask you to pedal the bicycle ergometer 
trying to keep this needle of the revolution counter as near as possible 
to the red marker. When told to stop, be ready to commence the mental 
tasks again. 

You will no doubt be interested in the purpose of the experiment 
and I will be happy to explain this to you at the end of the experiment. 


Are there any questions about what you have to do? 
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S.T.M. SCORE SHEET 
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BROWN AND POULTON TEST 
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MEAN HEART RATES AFTER EXERTION 


Minutes Exertion 0 1/4 1/2 2 4 6 
Mean Heart Rate 75 92 104 ¥2t 138 154 
(B.P.M. ) 


Range 56-81 70-105 82-119 95-134 121-152 138-168 
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